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I. REAL PARTY IN INTEREST 

The real party in interest is the assignee of the present application, I.N.S.E.R.M., by 
virtue of the assignment recorded in the U.S. Patent and Trademar^Q^gpNQn April 3, 1998. 

II. RELATED APPEALS AND INTERFERENCES 

Appellant, appellant's legal representative, and the assigril^^^the^^nt application 
are not aware of any other appeals or interferences which will directly affect or be directly 
affected by or have a bearing on the Board's decision in the pending appeal. 




III. STATUS OF CLAIMS 

Claims 1, 2, 4-7, 9-13, and 16-18 are pending and are appealed herein. Claims 3, 8, 
14 and 15 were canceled. A copy of appellant's pending claims is attached hereto as 
APPENDIX A. 

IV. STATUS OF AMENDMENTS 

No amendments have been filed subsequent to the Final Action. 

V. SUMMARY OF THE INVENTION 

Appellants' claimed invention relates to treating spontaneous and ongoing autoimmune 
disease by administering a therapeutically effective amount of a non-mitogenic, anti-CD3- 
active compound to a mammal (specification, page 3, lines 26-32). By this treatment one can 
achieve permanent disease remission, through the induction of antigen-specific tolerance 
(specification, page 3, last paragraph continuing to page 4, line 5). 



VI. ISSUES ON APPEAL 

The issues in this appeal are: 
(1) Whether claims 1, 2, 4, 5, 9, 13 and 16-18 are anticipated by Chatenoud et aL 
(1994) under 35 U.S.C. § 102(b). 
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(2) Whether claims 1, 2, 4-7, 9-13 and 16-18 are obvious, under 35 U.S.C. §103(a), 
over Racadot et aL, in view of Gussow et aL and Chatenoud et aL 

VII. GROUPING OF CLAIMS 

The appealed claims stand or fall together. 

VIII. SUMMARY OF THE ARGUMENT 

Chatenoud et aL (1994) would not have suggested that non-mitogenic anti-CD3 
antibody fragments induce a durable state of antigen-specific unresponsiveness. Rather, the 
Chatenoud article demonstrated that administering anti-CD3 antibody fragments induces 
transient immunosuppression, while administering the intact anti-CD3 antibody induces a 
durable state of antigen-specific unresponsiveness. The contemporaneous art also suggested 
that the durable unresponsiveness, observed by Chatenoud et al. (1994), resulted from release 
of immunoregulatory cytokines. Because administering F(ab') 2 fragments does not trigger 
cytokine release, however, one of ordinary skill in the art would not have expected F(ab') 2 
fragment therapy, in accordance with appellants' claimed invention, to induce a durable 
remission of overt autoimmunity. By the same token, Racadot et aL did not teach that anti- 
CD3 therapy can induce a durable remission of overt autoimmunity. Therefore, no 
combination of references would allow one skilled in the art to formulate the present invention 
by modifying the monoclonal antibody of Racadot et al. 

IX. ARGUMENT 

A. Chatenoud et al. (1994) would not have suggested that non-mitogenic anti-CD 3 
antibody fragments induce a durable state of antigen-specific unresponsiveness 

1. The animal-model results reported in Chatenoud et al. (1994) did not 
link administration of anti-CD3 antibody fragments to anything other than 
a transient state of non-antigen specific immunosuppression 

Chatenoud et aL (1994) investigated immuno-intervention of autoimmunity using two 
non obese diabetic (NOD) mice models. In one model, autoimmune insulin-dependant diabetes 
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mellitus (IDDM) ensues from progressive loss of self-tolerance to p-cell-associated antigens. 
In a second model, an accelerated model of IDDM is produced by administering 
cyclophosphamide (CY) to the mice. 

a) The cyclophosphamide-induced model demonstrated that 
administration of either anti-CD3 antibody or F(ab') 2 fragments of 
the anti-CD3 antibody induces a transient state of non-antigen 
specific immunosuppression 

Chatenoud et al. (1994) demonstrated that anti-CD3 treatment, started one day before a 
second CY injection, is highly effective in preventing progression to IDDM. The investigators 
showed that administration of 5 p.g/day for 5 consecutive days produces a 75 % reduction in 
observed diabetes (p< 0.001). See Chatenoud et al. (1994), Figure 2b. 

The investigators also documented that administration of F(ab') 2 fragments of the anti- 
CD3 antibody produces similar immunosuppressive activity, if given at higher doses. A five 
day regime of 10 j^g/day or 50 (ag/day produced a 40% and 65% reduction in observed 
diabetes, respectively (p>0.05 and p<0.05). See Chatenoud et al. (1994), Figures 2c and 2d. 

These results are consistent with previous data which had revealed that short-term, low- 
dose anti-CD3 treatment is effective in prolonging the survival of mismatched allografts. See 
Campos et al., Transplant Proc, 25:798-799 (1993). As with the previous allograft data, the 
CY-induced diabetes model suggested that short-term, low-dose anti-CD3 treatment is effective 
for inducing immunosuppression transiently . A determination of the long-term effectiveness of 
the therapy was precluded because CY treated mice typically die within 50 days of the initial 
CY administration. 

b) The spontaneous diabetes model demonstrated that 
administration of the intact anti-CD3 antibody (but not of the 
antibody fragments) induces a durable state of antigen-specific 
unresponsiveness 

Chatenoud et al. (1994) found that a short-term, low-dose anti-CD3 treatment can 
restore self-tolerance in adult NOD mice with established diabetes. The investigators showed 
that administration of 5 |ig/day of anti-CD3 for 5 consecutive days to overtly diabetic mice 
produces a durable remission in diabetes. This remission persisted until the animals were 
sacrificed at approximately 4 months of therapy (i.e., 8-9 months age). 
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Also, the observed unresponsiveness was antigen-specific. That is, mice showing anti- 
CD3-induced remission were not globally immunocompromised, as they retained the capacity 
to reject skin allografts. In addition, CD3-treated animals did not destroy syngeneic islet 
grafts, further suggesting the specificity of the anti-CD3-induced remission for the p-cell- 
associated antigens. 

Thus, Chatenoud et al. (1994) established that both anti-CD3 antibody and F(ab') 2 
fragments of the anti-CD3 antibody induce a transient state of non-antigen specific 
immunosuppression, and that the intact anti-CD3 antibody induces a durable state of antigen- 
specific unresponsiveness. 

The examiner has asserted that the "Chatenoud et al. reference teaches the induction of 
antigen-specific unresponsiveness in NOD mice with full-blown disease ... by injection of 
non-mitogenic anti-CD3 monoclonal antibody (mAb) F(ab') 2 fragments . . . resulting in 
complete remission of overt disease. " Office Action mailed on December 22, 1998 (hereafter, 
"December 22 action"), at page 2, lines 18-21. So stating, the examiner overlooks the 
distinction between the transient state, documented by Chatenoud et al. in the context of 
administering anti-CD3 antibody fragments, and the durable unresponsiveness achieved with 
appellants' claimed invention. 

Moreover, the assertion itself is factually erroneous. As discussed above, Chatenoud et 
al. (1994) examined F(ab') 2 fragments in the CY-induced model only. As a matter of fact, the 
lethality of the CY treatment renders the CY-induced model incapable of illuminating the long- 
term effectiveness of a therapy. Accordingly, the examiner is wrong to conclude that 
Chatenoud et al. anticipates the appealed claims, and the rejection under § 102(b) should be 
overruled. 

According to the examiner, Chatenoud et al. (1994) at least suggested that 
immunotherapy, employing a F(ab') 2 fragment of an anti-CD3 antibody, would induce a 
durable remission of overt autoimmunity, as occurs upon administration of intact anti-CD3 
antibody in the spontaneous diabetes model. Interpreting the Chatenoud article in this fashion, 
the examiner is informed by the fact that both anti-CD3 therapy and F(ab') 2 fragment therapy 
achieve a transient reduction of insulitis in another model, the CY-induced diabetes model. 
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Thus, the examiner has had to generalize from a similarity of results (transient 
reduction in insu litis), achieved in one animal model (CY-induced diabetes), to conclude that 
both therapies also would have been expected to have another effect in common (durable 
remission of overt autoimmunity), in another model (spontaneous diabetes). Appellants 
submit, however, that the aforementioned differences between these models would have made 
this generalization untenable as a matter of fact. As noted, the CY-induced model is incapable 
of elucidating the long-term effectiveness of a therapy, as CY treated mice usually die within 
50 days of CY administration, and the skilled artisan therefore would not have generalized in 
the manner posited by the examiner. 

This generalization also is erroneous as a matter of law, because one skilled in the art, 
at the time of appellants' invention, would not have expected to obtain a durable, antigen- 
specific unresponsiveness, upon administration of anti-CD3 antibody fragments. This is 
supported by the attached declaration under 37 C.F.R. §1.132, by Dr. Terry Strom. Dr. 
Strom explains that such a durable state, documented contemporaneously by Rapoport et al, J. 
Exp. Med., 178:87-99 (1993), and Pennline et al, Clin. Immunol, and Immunopath. , 71: 169- 
175 (1994), was attributed to immunoregulatory cytokines. But a systematic release of 
cytokines is not observed upon administration of anti-CD3 antibody fragments, as these are 
non-mitogenic. 

Thus, one of ordinary skill would have expected the remission induced by treatment 
with CD3 antibody to be the result of cytokine-mediated immunoregulation. The CD3 
antibody used by Chatenoud et al, 145 2C11, is a potent mitogen, i.e., it triggers the release 
of a variety of cytokines when in injected in vivo. Among the cytokines released are TNF, 
IFN-y, IL-2, IL-3, IL-4, IL-6, IL-10 and granulocyte-macrophage CSF. See Hirsch et al., J. 
Immunol., 142:737 (1989); Flamand et al., J. Immunol., 144:2875 (1990); Fenanetal, Eur. 
J. Immunol., 20:509 (1990); Alegre et al, Eur. J. Immunol, 20:707 (1990); Durez et al, J. 
Exp. Med., 177:551 (1993); Yoshimoto etal, J. Exp. Med., 179: 1285 (1994). Before the 
Chatenoud article was published, in 1994, IL-4 was known to prevent the onset of diabetes in 
NOD mice. See Rapoport et al J. Exp. Med., 178:87-99 (1993). In addition, three months 
after the publication of Chatenoud et al (1994), IL-10 also was shown to prevent the onset of 
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diabetes in NOD mice. See Pennline et al., Clin. Immunol, and Immunopath., 71: 169-175 
(1994). 

Thus, one skilled in the art would have understood that the durable, antigen-specific 
unresponsiveness achieved by anti-CD3 therapy resulted from a release of immunoregulatory 
cytokines, brought on by the mito genie potential of the full-length antibody. As the examiner 
has acknowledged, by contrast, Hughes et al. showed that F(ab') 2 fragments generally are non- 
mitogenic and, hence, do not illicit cytokine release. By the same token, one skilled in the art 
would have expected that F(ab') 2 fragment therapy according to appellants' claimed invention 
would not trigger cytokine release and, consequently, would not induce a durable, remission of 
overt autoimmunity. 

Accordingly, it would constitute legal error to base a §103 rejection on the 

generalization, voiced by the examiner to appellants' counsel, that Chatenoud et al. (1994) 

would have suggested immunotherapy, employing a F(ab') 2 fragment of an anti-CD3 antibody, 

to induce a durable remission of overt autoimmunity. 

B. Racadot et al. did not teach that anti-CD 3 therapy is capable of inducing a durable 
remission of overt autoimmunity 

According to the examiner, "Racadot et al, shows that the same anti-CD3 antibody 
used by Chatenoud et al. to treat diabetes can be used to treat unrelated autoimmune diseases 
such as multiple sclerosis." December 22 action at page 6, lines 16-18. The examiner 
acknowledges that "Racadot et al. teaches that there were two problems with using the intact 
murine monoclonal antibody, cytokine release and human antibody (HAM A) generation in the 
patient." Id. , page 6, lines 18-20. The examiner alleges, however, that two other publications 
suggest how to overcome the limitations described in Racadot et al. 

Thus, the examiner argues that Chatenoud et al. (1994) taught "that the use of F(ab') 2 
fragments alleviates the problem of cytokine release." Id. at page 6, lines 20-21. The 
examiner further notes that F(ab') 2 fragments contain murine framework regions and are 
capable of inducing a HAMA response in a patient. The examiner suggests that "this problem 
can be alleviated by humanizing the antibody" as taught by Gussow et al. Id. at page 6, lines 
26-27. 



002.265795.7 



-6- 



Application No. 08/986,568 



The examiner concludes that "it would have been prima facie obvious to a person of 
ordinary skill in the art at the time the invention was made to modify the effective muromonab- 
CD3 mAb by humanization as taught by Gussow et al. in order to alleviate the anti-murine 
complications taught by Racadot et al." and to further "modify the humanized muromonab- 
CD3 by pepsin digestion of the entire humanized antibody to generate F(ab') 2 fragments to use 
for treatment as taught by Chatenoud et al. in order to eliminate the massive cytokine release 
associated with treatment using intact anti-CD3 antibodies." December 22 action at page 5, 
lines 12-18 (emphasis added). The examiner also argues that "[o]ne would have been 
motivated to combine these reference with a reasonable expectation of success." Id. at page 5, 
lines 18-19. 

The examiner errs factually in this regard. First, Racadot et al. did not use "the same 
anti-CD3 antibody used by Chatenoud et al." Racadot et al. discussed treatment protocols for 
patients with multiple sclerosis using muromonab-CD3 (OKT-3). The experiments by 
Chatenoud et al. utilized the hamster IgG, anti-murine CD3 antibody, 145 2C11. Second, 
Racadot et al. did not teach that anti-CD3 therapy is capable of inducing a durable remission of 
overt autoimmunity. In fact, Racadot et al. stated that "[t]he use of muromonab-CD3 in 
patients with multiple sclerosis appears to be deleterious, with an exacerbation of clinical 
symptoms in some patients." See Racadot et al., page 204, 1 st column. Besides failing to 
show that muromonab-CD3 therapy induces a remission in multiple sclerosis, Racadot et al. 
did not discuss the durability of the treatment. Because Racadot et al. failed to teach the 
effectiveness of anti-CD3 therapy, no combination of references would allow one skilled in the 
art to expect that the success of the present invention could be achieved by modifying the 
monoclonal antibodies of Racadot et al. 

The examiner's assertion that Racadot et al. establishes anti-CD3 treatment as an 
effective therapy for inducing a durable remission of overt aitfpimmunity is erroneous. 



November 15. 1999 
Date 




Stephen A. Bent 
Reg. No. 29,768 
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Appendix I 

WE CLAIM 

1 . A method of treating spontaneous and ongoing auto-immune diseases in 

mammals, comprising administering to a mammal, in need of such a treatment, a 
therapeutically effective amount of one or more non mitogenic anti-CD3 active 
compounds to achieve permanent disease remission through the induction of antigen- 
specific unresponsiveness, i.e. immune tolerance. 

2. The method of claim 1 , wherein said non mitogenic anti-CD3 active compound 
is a non mitogenic anti-CD3 antibody. 

4. The method of claim 1, wherein said non mitogenic anti-CD3 active compound 
is a non mitogenic anti-CD3 monoclonal antibody. 

5. The method of claim 1, wherein said non mitogenic anti-CD3 

active compound is a non mitogenic anti-CD3 monoclonal antibody F(ab') 2 fragment. 

6. The method of claim 1, wherein said non mitogenic anti-CD3 active compound 
is highly purified, endotoxin-free. 

7. The method of claim 4, wherein said monoclonal antibody is selected from the 
group consisting of murine or humanized antibody. 

9. The method of claim 1, wherein said auto-immune disease is diabetes. 

10. The method of claim 1, wherein said auto-immune disease is rheumatoid 
arthritis. 

11. The method of claim 1 , wherein said auto-immune disease is multiple psoriasis. 
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Appendix I 

12. The method of claim 1, wherein said auto-immune disease is multiple sclerosis. 

13. The method of claim 1, wherein said active compound is administered by 
injectable route. 

16. The method of claim 1, wherein said non mitogenic anti-CD3 compound is a 
F(ab') 2 fragment. 

17. The method of claim 13, wherein said active compound is in the form of an 
injectable solution delivering between 5 and 20 mg of active compound per day. 

18. The method of claim 17, wherein said active compound is in the form of an 
injectable solution delivering between 5 and 10 mg of active compound per day. 
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Interleukin 4 Reverses T Cell Proliferative 
Unresponsiveness and Prevents the Onset of Diabetes 
in Nonobese Diabetic Mice 

By Micha J. Rapoport,* 1 Andres Jaramillo,* 1 Danny Zipris,* 
Alan H. Lazarus,* David V. Serreze,* Edward H. Leiter,* 
Paul Cyopick,§ Jane S. DanskaJI and Terry L. Delovitch* 



From the 'Banting and Best Department of Medical Research and Department of Immunology, 
University of Toronto, Toronto, Ontario, Canada MSG 1L6; *The Jackson Laboratory, Bar 
Harbor, Maine 04609; ^Oncology Research, Toronto General Hospital, Toronto, Ontario MSG 
2C4; and the ^Division of Surgical Research, Hospital for Sick Children, Toronto, Ontario 
Canada MSG 1X8 



Summary 

Beginning at the time of insulitis (7 wk of age), CD4* and CD8* mature thymocytes from 
nonobese diabetic (NOD) mice exhibit a proliferative unresponsiveness in vitro after T cell receptor 
(TCR) crosslinking. This unresponsiveness does not result from either insulitis or thymic involution 
and is long lasting, i.e., persists until diabetes onset (24 wk of age). We previously proposed 
that it represents a form of thymic T cell anergy that predisposes to diabetes onset. This' hypothesis 
was tested in the present study by further investigating the mechanism responsible for NOD 
thymu T cell proliferative unresponsiveness and determining whether reversal of this unrespon- 
siveness protects NOD mice from diabetes. Interleukin 4 (IL-4) secretion by thymocytes from 
>7-wk-old NOD mice was virtually undetectable after treatment with either anti-TCR ct/0, 
anti-CD3, or Concanavalin A (Con A) compared with those by thymocytes from age- and sex- 
matched control BALB/c mice stimulated under identical conditions. NOD thymocytes stimulated 
by anti-TCR qe//3 or anti-CD3 secreted less IL-2 than did similarly activated BALB/c thymocytes. 
However, since equivalent levels of IL-2 were secreted by Con A-activated NOD and BALB/c 
thymocytes, the unresponsiveness of NOD thymic T cells does not appear to be dependent on 
reduced IL-2 secretion. The surface density and dissociation constant of the high affinity IL-2 
receptor of Con A-ac::vated thymocytes from both strains are also similar. The patterns of 
unresponsiveness and lymphokine secretion seen in anti-TCR/CD3-activated NOD thymic T 
cells were also observed in activated NOD peripheral spleen T cells. Exogenous recombinant 
(r)IL-2 only partially reverses NOD thymocyte proliferative unresponsiveness to anti-CD3, and 
this is mediated by the inability of IL-2 to stimulate a complete IL-4 secretion response. In contrast, 
exogenous rIL-4 reverses the unresponsiveness of both NOD thymic and peripheral T cells 
completely, -nd this is associated with the complete restoration of an IL-2 secretion response. 
Furthermore, the in vivo administration of rIL-4 to prediabetic NOD mice protects them from 
diabetes. Thus, the ability of rIL-4 to reverse completely the NOD thymic and peripheral T 
cell proliferative defect in vitro and protect against diabetes in vivo provides further support 
for a causal relationship between this T cell proliferative unresponsiveness and susceptibility to 
diabetes in NOD mice. 




this self-tolerance depend on the ability of developing imma- 
ture thymocytes to proliferative in response to antigenic and/or 
mitogenic stimuli presented by thymic APCs (1-4). There- 
fore, the identity and functional status of T cells that are ex- 
ported from the thymus to the periphery depend on their 
intrathymic proliferative capacity. Accordingly, if a thymic 
T cell after it first encounters a self-thymic Ag becomes func- 
tionally inactivated and enters a long-lasting state of prolifer- 



self- tolerance, which is a prerequisite for the prevention of 
autoimmune diseases (1, 2). The mechanisms responsible for 
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ative unresponsiveness, i.e., a state of anergy, this may lead 
to changes in the function and/or repertoire of peripheral 
T cells that could ultimately lead to a breakdown in self- ■ 
tolerance and autoimmune disease (1-6). Hence, if regula- 
tory T cells that normally confer protection from diabetes 
become anergic either in the thymus or periphery during the 
early prediabetic stages of the disease, this event could result 
in diabetes. 

Our previous findings, that thymic and peripheral T cell 
unresponsiveness after TCR crosslinking correlates with the 
time of insulitis and persists until the onset of overt disease 
in nonobese diabetic (NOD) 2 mice (7, 8), raised the possi- 
bility that this age-dependent event predisposes to diabetes 
onset. In this report, we tested this possibility by investigating 
the mechanisms that elicit thymic and peripheral T cell prolifer- 
ative unresponsiveness in prediabetic NOD mice and deter- 
mining whether treatment protocols that reverse this un- 
responsiveness can protect these mice from diabetes. We 
analyzed whether CD4~ and CD8* thymic and splenic T 
cells from >7-wk-old NOD mice are unresponsive after TCR 
crosslinking due to a defect(s) in their production of or re- 
sponse to IL-2 and/or IL-4. Interaction between the IL-2- 
and IL-4-stimulated signaling pathways is important :or the 
regulation of T cell proliferation and maturation, and both 
IL-2 and IL-4-dependent proliferation of Ag-specific periph- 
eral CD4* ThO (produce'lL-2 and IL-4) cell clones are sen- 
sitive to anergy induction (reviewed in references 8-11). We 
report that after crosslinking by anti-TCR a/j3 or anti-CD3 
mAbs, the secretion of both IL-2 and IL-4 by NOD thymo- 
cytes is reduced considerably. Similar results were obtained 
with anti-TCR/CD3-activated peripheral T cells. However, 
while the activation of NOD thymic T cells by Con A elicits 
levels of IL-2 secretion and high affinity IL-2R (HIL-2R) 
expression/binding capacity comparable to that of control 
BALB/c mice, their level of IL-4 secretion remains low. By 
comparison, Con A-activated NOD peripheral T cells se- 
crete significantly less IL-2 and IL-4 than similarly activated 
BALB/c peripheral T cells. Exogenously added rIL-4 not only 
restores the in vitro NOD thymic and peripheral T cell prolifer- 
ative responses to the higher level of control BALB/c thymic 
and peripheral T cells but also protects NOD mice from de- 
veloping diabetes in vivo. These observations demonstrate 
that NOD T cell proliferative unresponsiveness to TCR cross- 
linking may result from a TCR-mediated defect that leads 
to decreases in IL-4 and IL-2 secretion. They also raise the 
intriguing possibility that this thymic and peripheral T cell 
proliferative unresponsiveness is a causative factor that pre- 
disposes to susceptibility to type I diabetes in NOD mice. 

Materials and Methods 

Mice. In vitro assays of thymic and splenic T cell function were 
performed using prediabetic male and female.inbred NOD/Del mice 
between 4 and 12 wk of age. These mice were screened for the 



2 Abbreviations used in this paper HIL-2R, high a&nity IL-2 receptor; 
NOD, nonobese diabetic; SMLR, syngeneic mixed lymphocyte reaction. 



absence of glycosuria (Diastix; Miles Laboratories, Rexdale, On- 
tario), and were maintained in the Department of Comparative 
Medicine's specific pathogen-free mouse facility at the University 
of Toronto. This colony derived from a breeding nucleus of 
NOD/LtAlt mice provided by Dr. B. Singh from the University 
of Alberta (Edmonton, Alberta) breeding colony. The onset of in- 
sulitis in NOD/Del mice occurs at 7 wk of age, and diabetes inci- 
dence currently is 50-60% in females and 10% in males by 24 wk 
of age. Age- and sex-matched BALB/cJ mice obtained from the 
Department of Comparative Medicine mouse facility were used 
as controls. The specific pathogen-free MOD/Lt and NOD/Jd colo- 
nies at The Jackson Laboratory (Bar Harbor, ME) and the Hospital 
for Sick Children, respectively, were used to study the in vivo effects 
of IL-4. Diabetes incidence in the NOD/Lt colony is currently 
60-80% in females and 40% in males by 24 wk of age, and the 
incidence in the NOD/Jd colony is currently 92% in females and 
10% in males by 24 wk of age. 

Reagents and mAhs. A cell supernatant containing an mAb 
(PC61, rat IgGl; reference 12) that detects the HIL-2R was kindly 
provided by Dr. H. R. MacDonald (Ludwig Institute for Cancer 
Research, Lausanne, Switzerland). FITC-labeled goat anti-mouse 
IgG and goat anti-rat IgG (H + L) were purchased from Jackson 
I mmuno Research Inc. (West Grove, PA). Ascites containing the 
H57-597 anti-TCR ot/0 mAb (13) were generously provided by 
Dr. R. Kubo (National Jewish Center for Immunology and Respi- 
ratory Medicine, Denver, CO). The 145-2C11 anti-CD3e mAb (14) 
was kindly supplied by Dr. J. Bluestone (University of Chicago, 
Chicago, IL). The 11B11 anti-IL-4 mAb (15) was kindly provided 
by Dr. W. E. Paul (National Institute of Allergy and Infectious 
Diseases, National Institutes of Health, Bethesda, MD). The S4B6 
anti-IL-2 mAb was kindly provided by Dr. T R. Mosmann (Univer- 
sity of Alberta, Edmonton, Alberta) (16). Murine rIL-2 was kindly 
provided by Dr. G. Mills (Oncology Research, Toronto General 
Hospital, Toronto, Ontario). Murine rIL-4 was obtained from ei- 
ther the supernatant of murine IL-4 cDNA-transfected X63Ag8- 
653 myeloma cells (17) (kindly supplied by Dr. F. Melchers, Basel 
Institute, Basel, Switzerland), a baculovirus system that expresses 
a vector containing the murine rIL-4 gene (18) (kindly provided 
bv Dr. W. E. Paul), or from Dr. T. Higgins (Sterling Drug, Inc., 
Malvern, PA). The IL-4-dependent T cell line CT.4S (19) was also 
generously supplied by Dr. W. E. Paul. The IL-2-dependent CTLL 
line (20) was a kind gift from Dr. M. Pierres (Centre d'lmmunologie 
de Marseille-Lummy, Marseille, France). [ 3 H]Thymidine was ob- 
tained from Amersham (Oakville, Ontario). [ 125 I]rIL-2 (sp act 
20-50 ltd/ fig) was obtained from NEN (-DuPont Canada Inc., 
Mississauga, Ontario). 

T Cell Isolation and Activation. NOD/Del and BALB/c mice 
were killed by cervical dislocation, thymi and spleens were removed, 
and single cell suspensions were prepared. Erythrocyte's were re- 
moved from spleen cell suspensions by treatment for 3 min with 
0.1 mM EDTA, 155 mM NH4CI, and 10 mM KHCOj. Thymo- 
cytes and spleen cells were washed and suspended in high-glucose 
DMEM (HGDMEM) containing 10% heat-inactivated FCS, 10 
mM Hepes buffer, 1 mM sodium pyruvate, 2 mM L-glutamine, 
100 U/ml penicillin, 0.1 mg/ml streptomycin, and 50 /xM 2-ME 
(all purchased from Gibco Laboratories, Grand Island, NY). Purified 
splenic T cells were obtained by passage of the cell suspensions 
through a nylon wool column. Cells isolated in this way consisted 
of ^95% CD3* T cells, as estimated by fluorescence microscopy 
using the 145-2C11 anti-CD3 mAb (14). T cells (final concentra- 
tion, lOVml) were cultured for 72 h at 37°C in round-bottomed 
96-weil plates in the presence of 2.5 fig/ml Con A with or without 
rIL-2 or rIL4, and were then used for either flow cytometric anal- 
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yses or assayed for cell proliferation. Alternatively, anti-TCR a/j3- 
and anti-CD3-induced proliferation were performed by culturing 
thymocytes for 72 h at 37°C in round-bottomed 96-well plates 
precoated with a 1:1,000 dilution of ascites containing the H57- 
597 anti-TCR a/0 mAb or a 1:200 dilution of hybridoma super- 
natant containing the anti-CD3 mAb. Irradiated (3,000 rad, y ir- 
radiation) and mitomycin C (50 mg/ml; 30 min at 37°C)-treated 
syngeneic splenocytes (final concentration, 2 x 10 6 /ml) were 
added when thymocytes were activated by anti-CD3, as described 
(7). [ 3 H]Thymidine (1 /zCi/well) was added 18 h before termina- 
tion of culture. Cultures were harvested using a 96-well cell har- 
vester (Skatron Inc., Sterling, VA), and the extent of cell prolifera- 
tion was determined by assay of the amount of [ 3 H] thymidine 
incorporation using a rack 0 counter (LKB Instruments, Inc., 
Gaithersburg, MD). IL-2 or IL-4 production by activated thymo- 
cytes or splenic T cells (10 6 cells/ml) was quantified by culturing 
cells for 48 h at 37°C in round-bottomed 96-well plates in the pres- 
ence of either plate-bound anti-TCR a/0 and anti-CD3 mAbs or 
Con A (2.5 /ig/ml), "and by assay of the culture supernatant for 
their IL-2 and IL-4 content. 

Flow Cytometric Analysis. Thymocytes activated by Con A in 
the presence or absence of IL-2 (800 U/ml) were harvested after 
72 h in culture and -vashed three times in PBS containing 0.01 M ' 
a-methylmannoside :o remove residual Con A. Cells were layered 
above 30% Percoll and centrifuged at 800 g for 20 min to recover 
viable cells, further washed, and resuspended in PBS containing 
0.5% FCS. Viable cells (2 x 10 5 ) were incubated for 30 min at 
4°C in 200 /zl of undiluted anti-HIL-2R mAb-containing super- 
natant, washed once with PBS plus 0.5% FCS, and further in- 
cubated for 30 min at 4°C with 4 mg of FITC-labeled goat anti-rat 
IgG (H + L) that was previously absorbed on mouse Ig. The stimu- 
lated T cell blasts were distinguished from the unactivated cells 
based on their forward light scatter vs. 90° light scatter character- 
istics. Stained cells (10 4 cells/sample) were enumerated using an 
Epics V flow cytometer (Coulter Electronics, Hialeah, FL) equipped 
with a three-decade logarithmic amplifier. Specific staining was ob- 
tained after subtracting the background value of second antibody 
alone from values obtained in the presence of both antibodies. 

IL2 Binding Assay. An IL-2 binding assay was performed as 
described by Robb et al. (21) with minor modifications. Cells were 
harvested, washed three times, and counted in binding medium 
(RPMI 1640 supplemented with 5% heat-inactivated FCS, 2 mM 
L-glutamine, 100 U/ml penicillin, 0.1 mg/ml streptomycin, and 
50 j*M 2-ME). They were then resuspended in 3 ml of binding 
medium, pH 3, for 30 s on ice, washed with ice-cold medium, 
and resuspended in binding medium. Cells (0.5-1.0 x 10*) in a 
final reaction volume of 100 yX were added in triplicate to flat- 
bottomed 96-well plates containing twofold serial dilutions of 
t25 I-labeled human rIL-2 (starting concentration, 4-6 nM). To de- 
termine the specificity of binding, unlabeled rIL-2 was added as 
competitor in 500-fold excess of [ 125 I]rIL-2. After incubation for 
2 h at 4°C, cell suspensions were transferred to Eppendorf tubes 
and the bound and free [ ias I]rIL-2 were separated by centrifuga- 
tion through 100 /il of an oil mixture (80% dibutyl phthalate and 
20% olive oil). The radioactivity in the cell pellets and superna- 
tants containing the bound and the free [ l2S I]rfL-2, respectively, 
was determined in a gamma counter. The number of binding sites 
per cell and the dissociation constants (Kd) of the HIL-2R were 
calculated by Scatchard analysis. 

IL2 and IL4 Secretion Assays. Secreted IL-2 or IL-4 activity was 
measured using the IL-2-dependent CTLL line or IL-4-dependent 
CT.4S cell line, respectively, as described (18, 20). Twofold serial 
dilutions of test supernatant were added to cultures containing ei- 
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ther 1.5 x 10 4 CTLL ceils or 5 x 10 3 GT.4S cells in flat- 
bottomed 96-well plates in a final volume of 100 /xl/weU for 24 h or 
48 h, respectively. Cell proliferation was assessed by addition of 
1 pCi/well of [ 3 H]thymidine 6 h (IL-2) or 18 h (IL-4) before ter- 
mination of culture, and [ 3 H] thymidine incorporation was deter- 
mined by liquid scintillation counting. 

IL4 Treatment In Viva In che first experiment, NOD/Lt fe- 
males from four separate litters were randomized at 6 wk of age, 
and a group of 12 females received twice weekly intraperitoneal 
injections of 500 U (50 ng) murine rIL-4 (sp act, 10 7 U/mg; Ster- 
ling Drug). The control group of 12 females received injections 
of the vehicle (PBS + 1% serum from 6-wk-old prediabetic 
NOD/Lt females) to provide carrier protein. The mice were main- 
tained under specific pathogen-free conditions at The Jackson Lab- 
oratory and allowed free access to food (Old Guilford 96W pellets; 
Emory Morse Co., Guilford, CT) and chlorinated drinking water. 
Mice were tested weekly for glycosuria using Tes-Tape™ (kindly 
provided by Eli Lilly Co., Indianapolis, IN). Diabetes was diag- 
nosed when mice were glycosuria for at least a consecutive 2 wk. 
At the end of a 14-wk treatment period, two normoglycemic fe- 
males from the control and treatment groups, respectively, were 
killed for analysis, and the remainder of the nondiabetic mice were 
aged to 52 wk without further treatment. At death, pancreas, sub- 
mandibular salivary glands, and kidneys from each mouse were fixed 
in Bouin's solution, embedded in pararnn, sectioned, and stained. 
Aldehyde fuchsin staining of pancreas sections sampled at three 
different nonoverlapping levels was used to compare the extent to 
which insulitic infiltrates had reduced the mass of granulated 0 
cells. Splenic leukocyte populations were enumerated by FACScan® 
(Becton Dickinson & Co., Mountain View, CA) analyses using 
the anti-Thy-1.2 (clone HO-13-4.9), anti-CD4 (clone GK 1.5), and 
anti-CD8 (clone 53-6.72) mAbs in ascites form at 1:100, 1:200, 
and 1:200 dilutions, respectively, as described (7). Analyses of Esch- 
erichia coli LPS-stimulated IL-1 secretion from peritoneal macro- 
phages and of T cell immunoregulation after activation in a syn- 
geneic mixed lymphocyte reaction (SMLR) were performed as 
described (22). 

In a second experiment, i group of eight 3-wk-old female 
NOD/Jd mice from two separate litters received twice weekly in- 
traperitoneal injections of 500 U (50 ng in 250 pil) of a murine 
rIL-4 (sp act, M0 7 U/mg)-containing supernatant derived from 
Sf9 Drosophila cells infected with a baculovirus that expresses a 
vector containing the murine :lL-4 gene (18). The control group 
of six age-matched NOD females received injections of superna- 
tant (250 £tl) derived from Sf9 cells infected' with the wild-type 
baculoviras vector that does not contain the murine IL-4 gene (18). 
Treatment of both groups of mice was continued for 12 wk until 
the mice were 15 wk of age. after which treatment ceased. The 
mice were maintained at the Hospital for Sick Children, tested 
weekly for glycosuria, and diagnosed for diabetes, as described in 
the first experiment. 

Results 

Expression ofHIL-2R on NOD Con A-activated Thymic T 
Cell Blasts Is Normal. Engagement of the TCR/CD3 com- 
plex by a mitogenic lectin or Ag/MHC generally leads to 
a rapid increase in HIL-2R expression followed by IL-2 produc- 
tion and stimulation of T cell proliferation (23). Alternatively, 
if such TCR stimulation results in a decrease in or lack of 
expression of HIL-2R, then T cell proliferative unrespon- 
siveness ensues (24). In Con A-activated CD4~ and CDS* 
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spleen T cells from 10-wk-old NOD/ShiKbe mice, HIL-2R 
expression is reduced about threefold (25). The latter result 
raised the possibility that the proliferative unresponsiveness 
of NOD thymocytes from >7-wk-old mice to Con A stim- 
ulation (7) is mediated by a diminished expression of HIL- 
2R. To test this possibility, NOD and BALB/c thymocytes 
were cultured in the presence of 2.5 /xg/ml Gon A for 72 h, 
and were then analyzed by flow cytometry for their surface 
expression of HIL-2R. The percentages of these thymocytes 
that express HIL-2R were very similar (Table 1), and their 
levels of surface expression of HIL-2R were equivalent (our 
unpublished data). 

Binding of IL-2 to the HIL-2R generally results in an in- 
creased level of expression of the HIL-2R (23). To determine 
whether the post-HIL-2R part of the IL-2 pathway that en- 
hances HIL-2R membrane expression is intact, the level of 
HIL-2R surface expression in NOD and BALB/c thymocytes 
stimulated by Con A plus 800 U/ml rIL-2 was assayed. The 
latter saturating concentration of rIL-2 was chosen since NOD 
thymocytes proliferate rather poorly in response to lower con- 
centrations of rlL-2 (7). The addition of 800 U/ml rIL-2 in- 
creased both the proportions of T cells bearing HIL-2R (Table 
1) and the surface densities of these receptors on NOD and 
BALB/c thymocytes (our unpublished data). 

Results obtained by Scatchard analysis of [ I25 I]rIL-2 binding 
to thymocytes supported our estimates of the relative levels 
of expression of HIL-2R on these cells observed by flow cytom- 
etry. The number per cell and affinity of HIL-2R were very 
similar in both young (<7 wk) and old (>7 wk) Con A-ac- 
tivated NOD and BALB/c thymocytes (Table 2). An age- 
dependent effect was noted since a twofold decrease in the 
number of HIL-2R molecules per cell on old vs. young acti- 
vated thymocytes was observed. No significant difference was 
observed between the affinity and number per cell of HIL- 
2R on NOD and BALB/c quiescent thymocytes (data not 
shown). Thus, the surface density and binding capacity of 
HIL-2R on activated NOD thymic T cells appears to be 



Table 1. Frequency of HIL-2R-beanng NOD and BALB/c 
Con Activated T Cell Blasts Is Equivalent 







Stimulus 


Strain 


Con A 


Con A + IL-2 






Of 

/o 


NOD 


25 


56 


BALB/c 


18 


49 



Thymocytes from 3-12-wk-old NOD or control BALB/c mice were in- 
cubated for 72 h" at 37°C with Con A (2.5 /ig/ml) in the absence or 
presence of rIL-2 (800 U/ml). The recovered viable cells were stained 
with an anti-HIL-2R mAb and FITC-labeled goat anti-rat Ig (H + L). 
and the large thymocyte blasts were gated and analyzed. The mean per- 
centages of positively stained thymocytes obtained in :hree independent 
experiments are indicated, and the SD of the means were <i0%. 



normal (i.e., equivalent to that of activated BALB/c thymo- 
cytes), and presumably is not responsible for the Con A-medi- 
ated proliferative defect of >7-wk-old NOD thymocytes. 

NOD Thymic T Cells Secrete Reduced Amounts of IL-2 after 
Stimulation by Anti-TCR/CD3 but Not Con A. Since the level 
of HIL-2R expression on Con A-activated NOD thymocytes 
is normal, we analyzed whether the unresponsiveness of these 
T cells results from a defect in IL-2 production after stimula- 
tion through the TCR, as has been observed in Thl clones 
(3, 4, 9, 26, 27). The capacity of NOD thymocytes to se- 
crete IL-2 after activation by either anti-TCR a/ft anti-CD3, 
or Con A was compared. Anti-TCR a/0 (Fig. 1 A) and 
anti-CD3 (Fig. 1 B) each stimulated ~ 10-fold less IL-2 secre- 
tion by thymocytes from 8-12-wk-oId NOD mice than from 
age- and sex-matched control BALB/c thymocytes. However, 
the amounts of IL-2 secreted by NOD and BALB/c Con A-ac- 
tivated thymic T cells were virtually identical (Fig. 1 Q. Thus, 
mitogen stimulation of NOD thymocytes overcomes the de- 
fect in IL-2 secretion that is observed after crosslinking the 
TCR with an anti-TCR mAb. 

NOD Spleen T Cells Secrete Reduced Amounts of IL-2 after 
Stimulation by Either Anti-TCR/CD3 or Con A. To deter- 
mine whether the reduced IL-2 secretion observed in stimu- 
lated NOD thymic T cells is also manifested in activated NOD 
peripheral T cells, we compared the levels of IL;2 secretion 
by activated spleen T cells from NOD and BALB/c mice. 
The level of IL-2 secreted by activated NOD splenic T cells 
is significantly lower "than that noted for activated thymic 
T cells. This was observed not only for after T cell stimula- 
tion by anti-TCR a/0 (Fig. 1 D) and anti-CD3 (Fig. 1 £) 
but also by Con A (Fig. 1 F). Thus, while Con A normalizes 
the defect in IL-2 secretion by NOD thymic T cells, this is 
not the case for Con A-activated NOD spleen T cells. 

NOD Thymic and Splenic T Cell Proliferative Unresponsive- 
ness Is Associated with Diminished IL-4 Secretion and Is Reversed 
by Exogenous rIL-4. Interaction between the IL-2- and IL- 
4-stimulated signaling pathways plays an important role in 



Table 2. Expression of HIL-2R by Con A-activated NOD 
Thymocytes Is Normal 



Strain 


Age 


Affinity 
K d 


Molecules/ cell 






pM 




NOD 


Young 


38 


2,025 


BALB/c 


Young 


67 


2,145 


NOD 


Old 


52 


1,015 


BALB/c 


Old 


57 


1,215 



Assays of binding of [»*I]rlL-2 to Con A-activated NOD thymocytes 
were performed as described in Materials and Methods. Young mice were 
4-6 wk of age and old mice were 8-12 wk of age. The number of bind- 
ing sites per cell and the dissociation constants (K<j) of the HIL-2R were 
calculated by Scatchard analysis. Each result was obtained using a group 
of two to five mice in three independent experiments. 
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Figure 1. IL-2 secretion by activated thymic 
and splenic T cells. Thymic (A-C) and splenic 
(D-F) T cells from 8-12-wk-old NOD and 
BALB/c mice were activated for 48 h at 37° C 
by either plate-bound anti-TCR ot/0 (A and 
D) and anti-CD3 (3 and £) mAbs, or by 2.5 
/ig/ml Con A (C and f). Culture supernatants 
were removed and assayed for their IL-2 activity 
by stimulation of proliferation of CTLL In- 
dependent T ceils. The results of triplicate cul- 
tures are expressed as the mean values ± SD, 
and are representative of three different ex- 
periments. 



the regulation of T cell proliferation and maturation (23-30). 
In addition, Thl and Th2 cells differ in their function and 
production of autocrine growth factors; IL-2 is produced by 
Thl and IL-4 is produced by Th2, respectively (31). We there- 
fore examined the level of secretion of IL-4 by activated NOD 
thymic and splenic T cells. NOD thymocytes activated by 



either anti-TCR a/0 (Fig. 2 A) or anti-CD3 (Fig. 2 B) did 
not secrete detectable amounts of IL-4 in comparison with 
similarly activated thymocytes from age- and sex-matched 
BALB/c control mice. Con A-activated NOD thymocytes 
secreted considerably less IL-4 than did similarly activated 
BALB/c thymocytes (Fig. 2 Q. Similar results were obtained 
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Figure 2. IL-4 secretion by activated thymic 
and spienic T cells. Thymic {A-C) and splenic 
T cells (D-f) from 8-12-wk-old MOD and 
BALB/c mice were activated for 48 h at 37° C 
by either plate-bound anti-TCR a/0 (A and 
D) or anti-CD3 (B and E) mAbs, or by 2.5 
/ig/ml Con A (C and F). Culture supernatants 
were removed and asayed for their IL-4 activity 
by stimulation of proliferation of CT.4S IL4- 
dependent T cells. The results of triplicate cul- 
tures are expressed as the mean values ± SD, 
and are representative of three different ex- 
periments. 
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upon activation of NOD splenic T cells activated by either 
anti-TCR a/0 (Fig. 2 D), anti-CD3 (Fig. 2 £), or Con A 
(Fig. 2 F). Therefore, NOD thymic and peripheral T cells 
both display a relative inability to secrete IL-4 after activa- 
tion through either the TCR or by mitogen. 

To establish whether this defect in IL-4 secretion is caus- 
ally related to T cell hyporesponsiveness, the ability of rIL-4 
plus either anti-TCR a/j3, anti-CD3, or Con A to stimu- 
late NOD T cell proliferation was assayed. Addition of ex- 
ogenous rIL-4 restored to normal the proliferative capacity 
of NOD thymocytes stimulated by anti-TCR al 0 (Fig. 3 
A), anti-CD3 (Fig. 3 JJ), or Con A (Fig. 3 Q. Similarly, 
exogenous rIL-4 also restored the proliferative response of 
anti-TCR a/jS-activated NOD spleen T cells to that of acti- 
vated control BALB/c spleen T cells (Fig. 3 D). In contrast, 
supraphysiological amounts of rIL-2 only partially correct 
the thymic T cell unresponsiveness to anti-CD3 (Fig. 4) or 
Con A (7). Therefore, NOD thymic and peripheral T cell 
proliferative unresponsiveness may be due to diminished IL-4 
secretion as a consequence of a defect in the Th2 T cell subset. 

Exogenous rIL-4 Completely Restores Normal IL-2 Secretion 
by NOD Thymic T Cells, whereas Exogenous rIL-2 Only Par- 
tially Restores IL-4 Secretion by NOD Thymic T Cells. To test 
whether an increased level of IL-2 secretion is associated with 
the capacity of exogenous rIL-4 to restore the proliferative 
responsiveness of NOD T ceils, the ability of anti-TCR a/0 
plus exogenously added rIL-4 to stimulate IL-2 secretion by 
BALB/c and NOD thymocytes was assayed. The amount of 
rIL-4 added, i.e., 125 U/ml, promotes essentially a maximal 
proliferative response of anti-TCR a/j3-stimulated NOD 
thymic T cells (Fig. 3 A). Equivalent levels of IL-2 secretion 
by anti-TCR a/0 + rIL-4-activated thymocytes from both 
strains were noted (Fig. 5 A). Since theTL-2-dependent CTLL 
cell line used here may be partially responsive to IL-4,^we 
verified whether CTLL proliferation observed in Fig. 5 A 
was at all due to the presence of residual exogenous rIL-4 
present in the supernatants of the activated T cells. The ability 
of the 11B11 anti-IL-4 mAb to block CTLL and CT.4S cell 
proliferation was compared. This mAb (10 jig/ml) reduced 



the CTLL proliferative response to BALB/c- and NOD- 
activated thymic T cell culture supernatants by only 33 and 
26%, respectively (Fig. 5 B). In contrast, this mAb inhibited 
virtually 100% of the IL-4-dependent CT4S proliferative re- 
sponse, demonstrating that the CTLL proliferative response 
obtained in Fig. 5 A was stimulated predominantly by IL-2. 
Thus, the ability of IL-4 to restore the proliferative respon- 
siveness of NOD T cells activated via the TCR is associated 
with its capacity to restore to normal (i.e., to the BALB/c 
T cell level) the level of IL-2 secretion by these cells. 

To test whether deficient IL-4 secretion mediates the par- 
tial restoration of the NOD thymic T cell proliferative re- 
sponse by exogenous rIL-2, the ability of anti-TCR a/ 0 plus 
exogenously added rIL-2 to stimulate EL-4 secretion by BALB/c 
and NOD thymocytes was assayed. The amount of rIL-2 
added, i.e., 250 U/ml, promotes essentially a maximal prolifer- 
ative response of anti-TCR a/3-stimulated NOD thymic 
T cells (Fig. 4). NOD thymocytes secreted considerably less 
IL-4 than did BALB/c thymocytes after stimulation with anti- 
TCR a/0 + rIL-2 (Fig. 5 Q. Since the IL-4-dependent CT.4S 
cell line is partially responsive to IL-2 at a concentration of 
2>50 U/ml (19), we verified whether any CT.4S proliferation 
observed in Fig. 5 C was stimulated by residual exogenous 
rIL-2 present in the supernatants of the activated T cells. The 
ability of the S4B6 anti-IL-2 mAb to block CT.4S and CTLL 
cell proliferation was compared. This mAb (25% of hybridoma 
culture.supernatant) reduced the CT.4S proliferative response 
to BALB/c- and NOD-activated thymic T cell culture super- 
natants by only 27 and 33%, respectively. In contrast, this 
mAb inhibited the IL-2-dependent CTLL proliferative response 
to BALB/c- and NOD-activated thymic T cell culture super- 
natants by 86 and 85%, respectively (Fig. 5 D). Thus, the 
inability of IL-2 to completely restore the proliferative re- 
sponsiveness of TCR-activated NOD thymic T cells is as- 
sociated with the partial restoration of IL-4 secretion by these 
cells. 

NOD Thymic T Cells Require a Continuous IL-4 or IL-2 
Stimulus to Secrete Normal Levels of IL-2 or Partial Levels oj 
IL-4, Respectively Our data described above raise the possi- 
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Figure 3. Exogenous rIL-4 cor- 
rects the proliferative unresponsive- 
ness of activated NOD thymic and 
splenic T cells. Thymocytes from 
8-12-wk-old NOD and BALB/c 
mice were activated by either plate- 
bound anti-TCR a/j3 (A) and anti- 
CD3 (B) mAbs or by Con A (Q 
in the presence of varying amounts 
of rIL-4. Splenic T cells were acti- 
vated by plate-bound anti-TCR a/ 0 
mAb in the presence of varying 
amounts of rlL-4 (D). Cell prolifera- 
tion was determined by [ 3 H] thy- 
midine incorporation. The results 
of triplicate cultures are expressed 
as the mean values s SD, and are 
representative of three different ex- 
ceriments. 
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Figure 4. Exogenous rIL-2 partially corrects the proliferative unrespon- 
siveness of activated NOD thymic T cells. Thymocytes from 3-12-wk-old 
NOD and BALB/c mice were activated by anti-CD3 mAb in the presence 
of varying amounts of rlL-2. Cell proliferation* was determined by 
[ 3 H]thymidine incorporation. The results of triplicate cultures are ex- 
pressed as the mean values ± SD, and are representative of three different 
experiments. 



bility that NOD T cell proliferative unresponsiveness may 
be due primarily to a defect in the Th2 T cell subset. In- 
terestingly, Ben-Sasson et al. (18) previously reported that 
Th2 ceils may actually consist of two distinct subsets: one' 
that requires IL-2 for IL-4 production and a second that can 
produce IL-4 without the requirement of IL-2. Based on this 
report, we considered that the following two possibilities may 
explain our findings. First, only the IL-2-responsive NOD 
Th2 subset produces IL-4 upon stimulation with anti-TCR 
+ rIL-2, and this would account for the partial restoration 
of endogenous IL-4 production. Second, this IL-2-responsive 
Th2 subset does not produce sufficient amounts of endoge- 
nous IL-4 upon stimulation with anti-TCR + rIL-2, and 
therefore IL-4 may not be available in the amounts required 
for complete restoration of the response to be achieved. 

To further examine why rIL-2 only partially restores the 
level of IL-4 secretion and proliferative responsiveness of NOD 
thymic T cells, we investigated the autocrine effect of rIL-4 
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Figure 6. NOD thymic T cells require a continuous UA or IL2 stimulus 
to secrete normal levels of IL-2 or partial levels of IL-4, respectively. Thymic 
T cells from 8-12-wk-old NOD and BAL3/c mice were activated by anti- 
TCR a/0 in the presence of r!L2 (250 U/ml) or rIL-4 (125 U/ml). After 
24 h of culture, cells were harvested, layered above 30% Percoll, and cen- 
trifuged at 300 ^ for 20 min :o remove dead cells. After washing, viable 
T cell blasts were incubated tor an additional 48 h in 96 -well plates coated 
with anti-TCR. (A) Culture supernatants were harvested and assayed for 
their IL-2 activity. (B) Culture supernatants were harvested and assayed 
for their IL-4 activity. The results of triplicate cultures are expressed as 
the mean ± SD, and are representative of three different experiments. 



on these responses of NOD Th2 cells and compared it with 
the effect of rIL-2 on these cells. If there is a defect only in 
the IL-2 -dependent pathway of IL-4 production, the addi- 
tion of sufficient amounts of exogenous rIL-4 would be ex- 
pected to restore the production of endogenous IL-4 because 
all Th2 T cells are responsive to high concentrations of IL-4. 
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Figure 5. Exogenous rlL-4 com- 
pletely restores IL-2 secretion by 
NOD thymic T cells whereas ex- 
ogenous rlL-2 only partially restores 
EL4 secretion by NOD thymocytes. 
{A) Thymic T cells from 8-12-wk- 
old NOD and BALB/c mice were 
activated by anti-TCR a/0 in the 
presence of rIL4 (125 U/ml). Cul- 
ture supernatants were harvested 
and assayed for their IL-2 activity, 
as in Fig. 1, in the presence of the 
11B11 anri-IL4 mAb. The results of 
triplicate cultures are expressed as 

^ _ the mean ± SD, and are represen- 

tarive of three different experiments. 
(B) NOD- and BALB/c-stimuiated 

T cell culture supernatants were assayed for their IL-2 and IL-4 activities in the presence or absence (control) of the 11B11 anti-IL-4 mAb. The results 
of triplicate cultures are expressed as the mean * SD. and are representative of two different experiments. (Q Thymic T cells from 8-l2-wk-old NOD 
and BALB/c mice were activated by anti-TCR a/0 in the presence of rIL2 (250 U/ml). Culture supernatants were harvested and assayed ror their 
IL-4 activity, as in Fig. 2, in the presence of the S4B6 anri-IL-2 mAb. The results of triplicate cultures are expressed as the mean * SD, and are representa- 
tive of two different experiments. (D) NOD- and BALB/c-stimulated T cell culture supernatants were assayed for their IL-2 and IL-4 activities in the 
presence or absence (control) of the S4B6 anti-IL-2 mAb. The results of triplicate cultures are expressed as the mean * SD. and .:;e representative 
of two different experiments. 
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To test this possibility, BALB/c and NOD thymic T cell blasts 
were generated during an initial 24-h culture in the presence 
of anti-TCR a/j3 plus exogenous rIL-4 or rIL-2, and after 
washing and selection of viable T cell blasts, their profiles 
of IL-2 and IL-4 secretion were determined after a further 
48 h of stimulation in the presence of only anti-TCR ctl 0. 
NOD T cell blasts secreted significantly lower levels of IL-2 
than did BALB/c T cell blasts (Fig. 6 A). Interestingly, BALB/c 
T blasts pretreated with rIL-2 or rIL-4 secreted equivalent 
levels of IL-2, and similar results were obtained for NOD 
T blasts. However, the levels of IL-4 secretion by NOD T 
blasts pretreated with rIL-2 or rIL-4 were considerably lower 
than those of BALB/c T cell blasts, and were equivalent to 
those-observed in untreated control cultures (Fig. 6 B). Thus, 
" although stimulation by anti-TCR plus rIL-4 restores the 
proliferative responsiveness of NOD T cells (Fig. 3) by en- 
hancement of IL-2 secretion by these cells (Fig. 5 A), these 
data indicate that rIL-4 must be present continuously 
throughout the culture period so that normal IL-2 secretion 
by activated NOD T cell blasts can be achieved. In addition, 
these observations demonstrate that Th2 cells are significantly 
more unresponsive to both IL-2 and IL-4 than Thl cells. Pre- 
sumably, the continuous presence of IL-4 is required for NOD 
Thl cell blasts to synthesize a sufficient amount of IL-2 that 
will enable these cells to progress through the cell cycle and 
proliferate. These results may also account for our previous 
findings that NOD thymic T cell blasts, generated after 3 d 
of culture in the continuous presence of rIL-2, are deficient 
in their TCR-mediated activation of p21 ras and tyrosine 
phosphorylation of p42 ma P ic (32). Because reduced p21™ and 
p42ma P k activities inhibit progression to S phase of the cell 
cycle, these deficiencies likely mediate the proliferative un- 
responsiveness of these cells (32). 

In Vivo Administration of rIL-4 Protects NOD Mice against 
Diabetes. Inasmuch as rIL-4 corrects the proliferative hypo- 
responsiveness of prediabetic NOD mice thymic T cells in 




Age (wk) 

Figure 7. Decreased incidence of diabetes in female NOD/Lt mice 
treated in vivo with rIL-4. 12 female NOD/Lt prediabetic mice (randomized 
from four different litters) were injected twice weekly, from 6 to 20 wk 
of age, with 500 U (equivalent to 50 ng) murine rIL-4 or with venicle 
(PBS + 1% serum from 6-wk-old prediabetic female NOD/Lt mice) only. 
Mice were screened weekly for the presence of glycosuria starting at 7 
wk of age. Diabetes was diagnosed when mice were glycosuric for a con- 
secutive 2 wk. 



vitro, we examined whether administration ot murine rIL-4 
in vivo prevents diabetes in NOD mice. As shown in Fig. 
7, chronic treatment with the rIL-4 preparation supplied by 
Sterling Drug markedly suppressed diabetes development in 
NOD/Lt females (1/12 diabetic at the end of 20 wk vs. 9/12 
receiving vehicle control). At 21 wk of age, widespread, se- 
vere insulitis was present in the pancreas of one of the two 
normoglycemic rIL-4-treated females examined. Severe insu- 
litis was present in the pancreases of both of the normoglycemic 
vehicle- treated controls necropsied. Four of the nine rIL-4- 
treated mice remaining normoglycemic at the cessation of 
rIL-4 treatment at 20 wk subsequently developed diabetes 
by 52 wk of age. Of the five normoglycemic rIL-4-treated 
mice surviving to 52 wk, pancreases of three were free of 
insulitis, while insulitis was present in the other two. The 
single control mouse remaining normoglycemic at the end 
of 20 wk remained normoglycemic to 52 wk of age. How- 
ever, only a single islet with granulated j(3 cells was found 
in the pancreas of this mouse, suggesting that diabetes was 
incipient. Heavy sialitis in submandibular glands and focal 
nephritis in the kidney was observed at 52 wk of age in all 
mice regardless of treatment. 

A similar protective effect from diabetes was obtained in 
a second experiment in which another source of murine rIL-4 
derived from a baculovirus expression system (18) was ad- 
ministered to NOD/Jd female mice beginning at 3 wk of 
age. This preparation, injected intraperitoneally for 15 wk 
in a similar amount (50 ng, twice weekly) to the rIL-4 used 
above in the first experiment, protected eight of eight NOD/Jd 
mice from diabetes upon analysis at 28 wk of age. The inci- 
dence of diabetes in untreated female NOD/Jd mice at this 
age was ~92%. 

Effect of In Vivo Administration of rIL-4 on Various Immune 
Parameters of NOD Mice. The unusually high percentage of 
T cells present in the spleens of NOD/Lt mice (33) was not 
altered by treatment with rIL-4 (Sterling Drug preparation). 
(Table 3). In addition, cervical and pancreatic lymph nodes 



Table 3. rIL-4 Treatment In Vivo Does Not Reduce the High 
Percentage of t Cells in NOD/Lt Spleen 



Treatment 


B cells 


T cells 


CD4 cells* 


CD8 cells* 


T/CD8 
ratio 




% 


% 


% 


% 




Vehicle 


31.5 


52.4- 


35.4 


17.0 


3.0 


IL-4 


36.3 


53.3 


38.1 


15.7 


3.4 



Pooled splenic leukocytes from two normoglycemic females per group 
were enumerated by FACS* at the end of the H-wk treatment period 
(i.e., at 20 wk of age). 

* The percentage. of T cells in the spleens of mouse strains at The Jack- 
son Laboratory generally ranges from 25 to 30%. Thus, the presence 
of ~50% T cells in the spleens of NOD/Lt mice represents an unusually 
high percentage. 
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were enlarged in both rIL -4- created and vehicle control- created 
NOD/Lt mice (our unpublished data). 

NOD/Lt macrophages secrete little IL-1 after LPS stimu- 
lation, and due to a stimulator cell defect, NOD/Lc T cells 
neither proliferate in response to self-MHC class II in an SiMLR 
nor acquire immunoregulatory function (22). Since protec- 
tion from diabetes in NOD/Lt mice treated with IL-2 in 
vivo was associated with increased IL-1 secretion from LPS- 
stimulated macrophages and a reversal of the SMLR defect 
(34), we examined whether these defects were also reversed 
by rIL-4 treatment. T cells from NOD/Lt female mice created 
with rIL-4 from 6 to 20 wk of age failed to respond in an 
SMLR and did not acquire immunoregulatory function (Table 
4). Treatment of NOD/Lt mice with rIL-4 in vivo also failed 
to increase appreciably the ability of macrophages from these 
mice to secrete IL-1 after LPS stimulation (Table 5). This 
suggests that the mechanism(s) by which the in vivo adminis- 
tration of rIL-4 protects prediabetic NOD mice from dia- 
betes differs from that associated with rIL-2 therapy. 

Discussion 

We have demonstrated that after activation by either anti- 
CD3 or anti-TCR a/j3 mAbs, IL-2 and IL-4 secretion by 
thymic and peripheral (splenic) T cells from NOD mice (>7 
wk old) are significantly reduced. This suggests that NOD 
T cell proliferative unresponsiveness is mediated by a defec: 
in the signaling pathway that links the TCR to IL-2 and IL-4 
production. However, based on our studies of Con A activa- 



Table 4. Treatment of NOD/Lt Mice with rIL-4 In Vivo Does 
Not Restore Their Ability to Activate Immunoregulatory 
T Cells in an SMLR 



Suppression of 

Strain Treatment SMLR response* MLC response 1 







cpm 


± SEM 


7f 


NOD 


Control 


285 


± 165 


0 


NOD 


IL-4 


524 


± 132 




SWR/Bm 


Control 


3,320 


± 466 


56* 



Nyion wool-enriched T cells (SMLR responders) and irradiated splenic 
leukocytes (SMLR stimulators) were pooled from two mice tich. 
* SMLR blastogenic responses (5 x 10 s T cells cultured ia Triplicate 
with 5 x 10 s stimulators) represent the mean [ 3 H] thymidine uptake over 
che anal 3 h of a 6-d culture. 

1 Viable blast cells recovered on day 6 from bulk SMLR cultures (5 x 
10 6 T cells plus 5 x 10 6 stimulators) were added in triplicate at 2.5 x 
10 s / well co an allogeneic MLC consisting of either 5 x 10 s NOD or 
SWR T cells responding to 5 x 10 s irradiated CBA/J spienocytes. 
S Significant suppression (p <0.05 by Student's t test) from iilogeneic 
MLC response in the absence of SMLR-activated T cells. The mean 
[ 3 H]thymidine uptake on day 4 for the unsuppressed MLC response of 
NOD T cells :o CBA stimulators was 27,116 £ 3,329 cpm. whereas 
the response of SWR/Bm T cells to CBA stimulators was 69,06-* = 5.061 
cpm. 



Table 5, Treatment of NOD/Lt Mice with rILA In Vivo Does Not 
Increase the IL-l Secretory Capacity of Macrophages 



Macrophage 




Endogenous IL-1 


LPS-stimulated 


source 


Treatment 


secretion 


IL-1 secretion 






U/ml 


U/ml 


NOD 


Control 


0 


1.3 


NOD 


IL-4 


0 


2.0 


SWR/Bm 


Control 


0 


4.2 



Peritoneal macrophages were pooled from two mice each and cultured 
at lOVml for 24 h in the presence and absence of 10 pig/ ml LPS. IL-1 
content of culture supernatants was determined by comparing their abil- 
ity to support C3H/HeJ thymocyte proliferation stimulated by a murine 
rIL-1 standard (Hoffmann-La Roche, Inc., Nutley, NJ). 



tion of NOD thymocytes, a defect in IL-2-mediated signal 
transduction may not necessarily be causal to decreased thymic 
T cell proliferation for several reasons. First, equivalent per- 
centages of NOD and BALB/c Con A-activated T cell blasts 
express HIL-2R both in the absence and presence of exoge- 
nous rIL-2. Second, the relative affinity (Kd) of HIL-2R for 
IL-2 and the number of HIL-2R molecules per cell on acti- 
vated NOD and BALB/c thymic T cells are similar. This re- 
sult differs from the previous report that HIL-2R expression 
is reduced about two- to threefold in mitogen- stimulated 
CD4~ and CD8* spleen T cells from 10-wlc-old NOD/ 
ShiKbe mice, and that this reduction might mediate the patho- 
genesis of type I diabetes in these mice (25). T cell respon- 
siveness in the thymus of NOD/Del mice therefore does not 
appear to be due to a decrease in either the level of expression 
or binding affinity of HIL-2R on CD4* or CD8"*T cells. 
Third, Con A-activated NOD thymocytes secrete normal 
levels of IL-2. Fourth, although we did not formally test if 
IL-2-induced signal transduction is normal in thymic T cells 
from >7-wk-old NOD mice, we found that Con A plus ex- 
ogenous rIL-2 induces an increase in HIL-2R expression. 
Hence, it seems that the post-HIL-2R part of the IL-2- 
mediated signaling pathway that results in this enhanced ex- 
pression is intact. 

Various modalities (anti-TCR mAbs vs. Con A) of NOD 
thvmic and splenic T cell activation stimulated different levels 
of IL-2 secretion. The higher level of IL-2 secretion observed 
for Con A-activated thymic T cells may result from the ability 
of Con A to bind to and signal through several T cell surface 
molecules in addition to the TCR (35). This may not occur 
to the same extent for Con A-activated NOD splenic T cells, 
which yielded a low level of IL-2 secretion. There may exist 
different requirements of activation by NOD thymic and 
splenic T cells. Alternatively, Con A may activate a thymic 
T cell subpopulation that is absent from the spleen. Nonethe- 
less, we observed that NOD thymic T cell unresponsiveness 
is maintained after activation by Con A even in the presence 
of normal levels of IL-2 secretion, HIL-2R expression, and 
IL-2/HIL-2R binding. This unresponsiveness is not restored 
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to normal by addition of physiological concentrations of ex- 
ogenous rIL-2, and is at best only partially corrected by ad- 
dition of supraphysiological amounts of rIL-2 (7; this report). 
A similar finding was reported for the inability of IL-2 to 
promote normal proliferative responses of Con A-stimulated 
NOD spleen T cells from 3- and 10-wL-old NOD/ShiKbe 
mice (25). These data are compatible with the observation 
that anergy can be induced in Thl cells as a conseauence of 
TCR occupancy by Ag in the absence of cell division (9). 
This can be achieved either because the Ag is presented by 
an APC that cannot provide the costimulatory signal(s) neces- 
sary for IL-2 production or because the T cell cannot respond 
to IL-2. The latter explanation likely accounts for NOD 
thymic T cell proliferative unresponsiveness, since we previ- 
ously showed that NOD thymic APCs are capable of providing 
a costimulatory signal(s) and that, in comparison with con- 
trol BALB/c thymocytes, NOD thymocytes proliferate rela- 
tively poorly in response to exogenous rIL-2 (7; this report). 

Why then do NOD thymic T cells not respond well to 
IL-2? Is this due to the requirement of another proliferative 
stimulus? Since a determining factor in the control of T cell 
proliferation is the crosstalk between the IL-2 and IL-4 sig- 
naling pathways (28-30), and T cell production of IL-2 and 
IL-4 can be regulated by anergy induction (10), we consid- 
ered that this additional stimulus might be IL-4, an auto- 
crine growth factor for Th2 cells (31). We found that in vitro 
activated NOD thymic and splenic T cells fail to produce 
sufficient IL-4 to support their proliferation. Relatively little 
if any IL-4 secretion was detectable after stimulation of NOD 
thymic and splenic T cells by an anti-TCR a/0 or anti-CD3 
mAb. In addition, the level of IL-4 secretion by NOD thymic 
T cell blasts stimulated by anti-TCR plus either rIL-4 or rIL-2 
for 24 h and then further activated for 48 h by anti-TCR 
was as low as that of control NOD T blasts. In contrast, 
their level of IL-2 secretion was slightly enhanced compared 
with that of control NOD T blasts. These findings indicate 
that IL-4 secretion by NOD thymic T cells is compromised 
to a greater extent than IL-2 secretion. Unlike rIL-2, exoge- 
nous rIL-4 completely restored the in vitro proliferative ca- 
pacity of NOD thymic and splenic T cells. IL-4-induced resto- 
ration of the thymic T cell response stimulated by anti-TCR 
was associated with a normalization of the level of IL-2 secre- 
tion by these cells. This result agrees closely with the previous 
observation that IL-4 has a critical role in the stimulation 
of IL-2 production by mouse T cells in response to accessory 
cell-independent stimuli (plate-bound anti-CD3) (36). Similar 
results were also previously reported for the activation of 
human T cells by PHA (37) and anti-CD2 (38). Since IL-2 
also potentiates the production of IL-4 by anti-CD3-activated 
T cells (18, 39), partial restoration of the in vitro prolifera- 
tive response of NOD thymocytes by exogenous rIL-2 may 
arise from the inability of IL-2 to potentiate sufficient IL-4 
secretion (Fig. 5 Q. In addition, NOD thymocytes exhibit 
significantly reduced IL-4 secretion (Fig. 2 B) and diminished 
proliferative responsiveness after stimulation with anti-CD3 
even in the presence of normal amounts of IL-2 (Fig. 4). For 
complete restoration of the NOD thymocyte proliferative re- 
sponse, IL-4 therefore needs to be present in addition to ei- 



ther exogenous rIL-2 or Con A-induced endogenous IL-2. 
Thus, decreased IL-4 secretion by activated NOD thymic and 
peripheral T cells appears to be a primary defect that elicits 
the proliferative unresponsiveness of these cells. 

The in vivo administration of either rIL-2 (34) or two 
different preparations of rIL-4 (this report) protects predia- 
betic NOD mice against diabetes. Protection against diabetes 
in NOD mice by in vivo treatment with rIL-2 is associated 
with a reversal of the decreased splenic T cell SMLR of these 
mice and an increase in the LPS-induced IL-1 secretion by 
peritoneal exudate macrophages (34). In contrast, we report 
here that protection from diabetes by in vivo rIL-4 therapy 
is not associated with similar changes in the SMLR and/or 
IL-1 secretion. Thus, IL-2 and IL-4 appear to protect NOD 
mice from diabetes by different mechanisms. Unlike rIL-2, 
rIL-1, rIFN-7, and rTNF-a (7), rIL-4 completely restores 
the in vitro NOD thymic T cell proliferative response and 
may achieve close to 100% protection from diabetes in vivo 
by a similar mechanism(s). 

Reconstitution of lymphopenic prediabetic BB rats with 
the IL-4-producing CD4*CD45RC !ow subset of Th cells 
but not with the IL-2-producing CD4 + CD45RC hi s b Th 
subset protects these rats against autoimmune diabetes (40). 
In addition, diabetes and insulitis may be completely prevented 
by injection of the IL-2- and IL- 4-producing subset of 
CD4^CD45RC low TCR a/ZMUV thoracic duct T cells 
from healthy donors into a normal nonautoimmune rat strain 
that may be induced to become lymphopenic and diabetic 
by adult thymectomy and sublethal y irradiation (41). Al- 
tered ratios of CD4 + CD45RA to CD4*CD45RO of PBL 
T cells together with decreased proliferative responses in the 
AMLR occur in human prediabetic patients, and may be di- 
agnostic indicators of rapid progression to overt disease (42, 
43). Immunohistochemical analyses performed using fluores- 
cent mAbs indicate that IFN-7 predominates in situ in the 
relative absence of IL-4 at the time of diabetes onset in NOD 
pancreatic islets previously transplanted beneath the kidney 
capsule of syngeneic female NOD mice at 4.5 mo of age. 
In contrast, IL-4 predominates and IFN-7 is present in 
significantly lower amounts in NOD islets transplanted be- 
neath the kidney capsule of control age-matched female NOD 
mice that were protected from diabetes by the previous 
administration (at 1 mo of age) of CFA (44). The in vivo 
administration of anti-IFN-7 mAbs to NOD mice also pre- 
vents the onset of diabetes (45). Moreover, during the induc- 
tion of tolerance, immunization with antigen and adjuvant 
induces an expansion of IL-4-producing Th2 cells (46). IL-4 
inhibits the secretion of IFN-7 by tolerant Thl cells that re- 
tain the ability to secrete IFN-7. In addition, Th2 cells that 
are expanded by IL-4 may secrete other cytokines, such as 
IL-10, which has also been shown to regulate Thl-dependent 
immune responses (46). Taken together, these observations 
suggest that T cell proliferative unresponsiveness in vitro and 
onset of diabetes in vivo may arise by the anergy and/or dele- 
tion of CD4* IL -4-producing Th2 cells in NOD mice, 
thereby enhancing the expansion of IFN-7 producing poten- 
tially diabetogenic Thl clones. 

Mature CD4 + CD8~ thymocytes are the predominant 
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IL-4 producers during primary immune responses (47). These 
IL-4-producing thymocytes are exported tothe periphery and 
provide the IL-4 necessary for the generation of peripheral 
IL-4-secreting Th2 cells. Hence, the choice of an immature 
thymocyte to differentiate into a Thl or Th2 mature T cell 
is likely dependent on the relative abundancy of IL-4 (47). 
In support of this notion is the observation that low doses 
of IL-4 are insufficient to promote IL-2-supported growth 
of thymic T cell precursors (27). A failure of NOD thymo- 
cytes to produce sufficient IL-4 for the differentiation of and 
export from the thymus of certain regulatory CD4*CD8" 
Th2 clones may potentiate their unresponsiveness and even- 
tual deletion. In this case, the balance between self-tolerance 
and autoimmunity would be disrupted and could result in 
type I diabetes. 

Thus, IL-4 therapy may prevent the onset of diabetes in 
NOD mice by promoting the differentiation and exit from 
the thymus of "protective" regulatory CD4 + CD8" T cells. 
This protection afforded by IL-4 may also be mediated by 
its ability to perturb the development of CD4~CD8* thy- 
mocytes, which was shown to occur in IL-4 transgenic mice 
in which the intrathymic expression of IL-4 was constitu- 



tively increased (48). Only peripheral CD4- T cells were 
found in significant numbers in these transgenic mice, while 
CD4"CD8* thymocytes bearing high levels of TCR alQ 
were present in increased numbers, apparently because of then- 
failure to emigrate to the periphery. Since these results indi- 
cate that IL-4 can regulate thymocyte maturation, they may 
explain in part how IL-4 can protect from diabetes by ev- 
erting reciprocal effects on the maturation of CD4"CD8~ 
(positive regulation) and CD4"CD8* (negative regulation) 
thymic T cells. 

In conclusion, our findings further document the ther- 
apeutic value of immunostimulation protocols for the preven- 
tion of autoimmune type I diabetes. In addition to IL-2 (34) 
and TNF-a (49, 50), we now report that IL-4 may also be 
used efficaciously for this purpose. Since IL-4 is required for 
the production of IL-2, this might explain in part why IL-2 
deficiencies have been noted in both NOD (22,' 51) and other 
strains of autoimmune mice (52), as well as in human type 
I diabetic patients (53). Further experimentation is required 
to test the possibility that prevention of type I diabetes in 
NOD mice by IL-4 is mediated by correction of an IL-2 
deficiency. 
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tifiBue indicated that ILrlO reduced the 9everity of pan- 
creatic insuiitis and promoted normal levels of insulin 
production within the islets of Langerhans. The results 
suggest that downr emulation of production may 
contribute to the mechanism by which IL-10 inhibits 
the onset of diabetes. 



MATERIALS AND METHODS 

Animals. Eight-week-old female NOD mice were 
purchased from Taconic Farms Inc. (Germantown, NY) 
and were maintained and fed under pathogen-free con- 
ditions. The mice were fed irradiated Purina Certified 
Lab Diet (W-F Fisher and Son, Inc., Bound Brook, NJ) 
and provided with autoclaved water. The cages were 
changed frequently using irradiated Bed-O-Cob (W-F 
Fisher and Son, Inc.) bedding. Viral serology testing 
indicated that the NODs were free of Sendai, MHV, 
MVM, EDIM, PVM, SDAV/RCV, and KRV infections 
(Taconic Farms Inc.). Diabetic hyperglycemia occurs 
between 13 and 20 weeks of age in these NOD mice and 
the incidence of diabetes reaches 70-80% when the 
mice are 25-30 weeks of age. In this report all studies 
were initiated on animals that were 9-10- weeks old, an 
age at which all animals exhibit pancreatic insulitia. 

Assessment of diabetes. The blood glucose level 
(BGL) was monitored weekly in all NODs by tail vein 
bleeds uaing a Glucoscan 3000 Blood Glucose Meter 
(Lifescan Inc., Mountainview, CA). Animals were con- 
sidered to be diabetic when the BGL exceeded 200 mg/ 
dL Diabetic mice were continually monitored for BGL 
and usually died 4-6 weeks after developing diabetic 
symptoms. 

In Vivo antkytokine antibody treatment. For in vivo 
studies, rat monoclonal IgGl anti-mouse cytokine an- 
tibodies, including 11B11 (anti-IL-4) (21), 20F3 (anti- 
IL-6) (22), TRFK5 (anti-IL-5) (23), XMG1.2 (anti IFN- 
7) (24), JES5-2A5 (anti-IL-10) (John Abrama, DNAX) f 
and a rat IgGl isotype control monoclonal antibody, 
GL113 (22), were prepared by Verax, Inc. (Lebanon, 
NH). These products were purified by ion exchange 
resin and Q-Sepharooe chromatography to greater 
than 95% purity as assessed by HPLC. Endotoxin lev- 
els in the purified antibodies were <1.0 EU/mg protein. 
Lyophilized antibodies were diluted in endotoxin-free 
water (Sigma Chemical Co., Weatbury, NY) and in- 
jected intraperitoneal^ into NOD mice twice weekly 
for 16-18 weeks. 

Recombinant human IL-10 (rHuIL-10). Purified 
CHO-derived tHuIL-10 (sp act, 3 * 10 6 U/mg protein) 
was provided by the Department of Biotechnology, 
Schering-Plough Research Institute. For uyections, 
rHuIL-10 was diluted from a frozen ( - 70°C) stock so- 
lution immediately prior to use. 



Treatment of NOD mice with rHuIL-10. Groups of 
9- to 10- week-old NOD mice (10 mice/group) were 
treated daily by the subcutaneous (sc) route with 1 \ig 
cfrHuIL-10 or a control protein, mouse serum albumin. 
(MSA). In these studies, animals were monitored by 
weight and BGL until they were at least 25 weeks of 
age. BGLs were determined weekly and the diabetic 
incidence was recorded for each group. BGLs were al- 
ways measured between the hours of 8-11 am and 
rHuIL-10 injections were routinely administered in 
the afternoon. 

Histopathology. The same small lobe of pancreas 
was removed from selected NODs in order to compare 
and contrast the pathology in the treatment groups. 
The two surviving diabetic MSA-treated (BGL 448- 
664 mg/dl) and three nondiabetic rHulL-10-treated 
(BGL 86-159 mg/dl) NODs were chosen for this anal- 
ysis 2 weeks after the last injection of rHu-IL-10. One 
piece of the tissue was fixed in 10% buffered formalin, 
embedded in paraffin, and sectioned for hematoxylin/ 
eosin (H&E) staining. To detect insulin in pancreatic 
islet ceils by histochemical techniques, a second por- 
tion of the pancreatic tissue was snap frozen in OCT 
compound (Tissue TCK, Miles Scientific) uaing liquid 
nitrogen/isopentane. Cryosections were cut 4 jiAf 
thick, fixed, and stained with anti-insulin antibody 
(Dako Corp., Corpinteria, OA) using the immunoper- 
oxidase technique described elsewhere (25). Similar 
analyses were performed on pancreatic tissue from 
nondiabetic 4 (BGL 88 mg/dl)- and 16 (BGL 156 mg/ 
dlVweek-old NOD mice. The pancreatic tissues were 
prepared for histopathologic evaluation by Impath 
Laboratories (New York). 

RESULTS 

Effect ofAnti-cytokine Antibodies on the development 
of diabetes in NOD mice. Each of the anti-cytokine 
antibodies described above was injected intraperito- 
neal^ 2x per week at various doses (10, 100, and 200 
lig/mouse) over a 16- to 18-week interval. BGL and 
diabetic incidence was monitored weekly. Administra- 
tion of anti-IFN-7 was the only treatment that resulted 
in significant reduction in diabetic incidence when 
compared to untreated and isotype- treated controls. 
Treatment with anti-IL-4, anti-IL-5, and anti-IL-10 did 
not reduce the incidence of diabetes; however, at the 
highest dose (200 ng/rnouse) anti-IL-6 antibody caused 
minimal reduction (from 70 to 50%) in disease inci- 
dence (data not shown). The therapeutic efficacy of 
anti-IFN-'y antibody as evidenced by a significant re- 
duction in the incidence of diabetes and hyperglycemia 
in mice treated with this antibody is illustrated in Ta- 
ble 1. The maximum incidence of diabetes in the un- 
treated control group was 70% with a mean BGL of 397 
± 89 mg/dl (Table 1). The disease incidence also 
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TABLE 1 

gfiec of Anti-IFN-r (XMG1.2) on tho Incidence of DiabeteB 
in NOD Mice 



Treatment" 
None 

clii3 100 M-er- 

XMG1.2 10 n-g 
XMG1.2 100 



Incidence of 
diabotea* 



BGL (mean ± SBF 



7/10 
7/10 
6710 
2/10 



39B * 89 
394 = 79 
314 - 81 
1S6 * 49 d 



» NOD miee were injected intraperiioneelly twice weokly fiw IS 

We "Scid«Tio» at 2fi week- of ag. immediately following the 1a«l i in- 
jection of antibody. NOD mice with coneiatent BGL meaaurement. 
above 200 mpdl we connidered diabetic. 

< Mean BGL ± SEJf for each treatmont group at 25 weeke of age 
following the last inj-rtion of antibody. Vakei were .calculated uaing 
BGU from diabatic and nondiabetic NQDa In - 10). 

' p u 0.01 wtaon compared to untreated and CLU3 controls. 

reached 70% in the isotype-treated control group with 
a mean BGL of 384 * 79 mg/dl. In companion to the 
two control groups, treatment with anti-D7N-v at a 
doBe of 10 »ig/mouse had no effect on the incidence oi 
diabetes or oh the BGL of the diabetic mice. However, 
in mice treated with 100 ug of antMFN-7 there was a 
dramatic decrease in disease incidence (from 70 to 
20%) which was reflected in the mean BGL obtemedfbr 
tbie group (156 ± 46 mg/dl; P < = 0 01) (Table iVThe 
incidence of diabetes and the mean BGL for the group 
of NOD mice treated with 200 p.g anti-IFN-^ were slm- 
ilar to those observed in the group treated with 100 M-g 
antibody. 

Effect of IL-10 on the development of autoimmune di- 
abetes. Two experiments were performed in which 
groups of female NOD mice, 9-10 weeks of age, re- 
ceived daily, subcutaneous injections of 1 |tg or rfiuIL- 
10 or an equivalent dose of a control pwtein MSA. A* 
shown in Table 2, treatment with rHuIL-10 greasy 
reduced the incidence of diabetes. Although in each 

TABLE 2 

Effect of rHuIL-10 on the Incidence of Diabetes in 
NOD Mice 



Incidence of 
diabetoe* (raontba) 



Treatment" 

1 iAg MSA 
1 w rHuUvlO 



BOLlmgrdU' 
after 13 weeks of dosing 



3/20 
0/20 



S/20 
3/20 



17/20 
5/20 



♦69 r 46 

217 = W 



" MSA and rHulL-10 ems initiated at 9-10 week- of age and wee 

"SsSSf nSLti^ntSant BGL a^urernena above 300 mg/dl 

treatment group. W*. — -<*»«; 
iJuffaJ^Sn dW-de -» nondiabetic NOD. of ..entreat. 

ment group from two separate tuperunewa (i» - iOJ- 
i /» < 0.001 compared to MSA controls. 



experiment, MSA-treated control NODa exhibited 
overt diabetes by 4 months of age, none of the IL-10- 
treated mice had developed diabetes at thia time point. 
There was no evidence of hyperglycemia in the IL-10- 
treated group until the animals reached approximately 
5 months of age. When the data from the two experi- 
ments were combined, the incidence of diabetes was 
85% (17/20) in the MSA control group and only 25% 
(5720) for LL-10-treated NODs. Table 2 also shows the 
average BGLa obtained for the control and IL-10- 
treated groups in the two experiments. The MSA- 
treated NODs exhibited a mean BGL of 469 ± 46 mg/ 
dl while the IL-10-treated mice exhibited significantly 
reduced BGLa with a mean of 217 ± 50 mg/dl (P * 
0 001). The mean weight of the former was leas than 
that of the IL-10 group, but these values were not sig- 
nificantly different at this time point (data not shown). 

Effect ofrHuIL-10 on the pancreatic hiatopathology of 
NOD mice, A semiquantitative assessment of the ef- 
fects of IL-10 treatment on the pathology that develops 
in the pancreas of NOD mice was determined by his- 
tological evaluation of tissue sections that included im- 
munocytochemkal detection of insulin. NOD mice 
were treated sc with MSA or rHuIL-10 (1 H-g/mouse) for 
17 weeks beginning at 10 weeks of age. Histopatholog- 
ical analyses were performed on pancreatic tissue re- 
moved from NOD mice in each treatment group to or- 
der to compare and contrast the resulting pathology. 
Therefore, two MSA-treated diabetic (BGL ,448464 
mg/dl) and three IL-10-treated nondiabetic (BGL 86- 
159 mg/dl) NODb were selected for histological analy- 
sis 2 weeks after the final treatment. Cessation of 
treatment did not result in a change in the incidence f 
diabetes in either group at the time of sacrifice (2 
weeks post-treatment). Pancreatic tissue from nondia- 
betic 4-week-old iBGL 88 rog/dl) and 16-week-old (BGL 
156 mg/dl) NODs were also included in the study and 
served as control tissues for the detection of change s i m 
insulitis and & cell function (inBUlin production). Table 
3 summarizes the results from microscopic examina- 
tion of pancreatic insulitis in various control and 
rHuIL-10-treated NODs. As can be seen, analysis of 
pancreatic tissue from untreated nondiabetic : 4- and 
16-week-old NODs indicated that in the former 100% 
of the islets were functional with virtually no leuko- 
cyte infiltrate, while in the latter more than 75% ^of 
islets exhibited leukocyte involvement and only 76% 
were functional (Table 3). Very few intact islets were 
Srved in the pancreas of MSA-treated NODsand 
only 4% were found to be uiauhn positive In 
analysis of pancreatic tissue from *H^10 : j£ated 
NODs showed that the majority of islets exhibited a 
peri-islet leukocyte infiltrate (80%), 9% were normal, 
and 90% were positive for insulin production. 

Figure 1 shows representative reacts of bistolopcal 
analysis of sections of pancreas from control and IL-10- 
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TABLE 3 

Presence of Insulitis in Control and rHuILrlO-Treated NODS 

** Leukocyte-associated Utkts* 



No.ofNODi 



Treatment 0 



Normal 



Pari-islet 



Intra: alet 



%Iiwulia( + )ialets 



X 
I 

3< 



None 
None 
MSA 
rHulMO 



too 

14 
0 
9 



0 
64 
12 
BO 



0 
22 

4 



100 
76 
4 
90 



Age (weok«j 

4 

16 

29 * 

29 

- Nods vere untreated or treated with X ^.g of MSA or rHuIL-10 for 17 weeka. 
h A minimum of 10-15 insetk *ere couittad per aectioa. 

v BGL 448 and 664 ng/dl for th& two animals studied. u * t . u u 

^ No dUdnSanabla iSlets were identified- ThU percental baaed on aroej of nodular lymph oplaamEcytoid infiltrates where 4ku should 

have been viaible. 
• BGL ranga 86-159 mg/dK-for tho three animal* studied. 



treated mice stained with H&E (Figs. 1A, 1C, IE, and 
1G) as well as resultB of iinmunoperoxidaae staining 
for insulin (Figs. IB, ID, IF and 1H). The histology of 
the pancreas from a 4-week-old nondiabetic female 
NOD mouse is shown in Fig. 1 A. There were very few 
lymphocytes present among the pancreatic islets and 
the latter were essentially intact and readily distin-_ 
guiahable. Iramunoperoxidase staining (Fig. IB) 
veaied an abundance of insulin within the islet cells. 
Results of analyses oerforraed on pancreatic tissue 
from a nondiabetic l&-week-old NOD mouse are illus- 
trated in Figs. 1C and ID. Two islets displaying differ- 
ent pathology are shown in Fig. 1C. One islet was 
small and comparable to those seen in the pancreas of 
the 4-week-old NOD. However, a second larger islet 
was obscured by an intense lyrnphoplasmatic infiltrate 
which extended into the lymphatic channel Insulin 
could only be detected in the small relatively undis- 
turbed islet (Fig. ID). Results on pancreatic tissue from 
NOD mice treated with MSA for 17 weeks are shown in 
Figs. IE and IF. In this section there were no distin- 
guishable islets by H&E staining (Fig. IE) and nodular 
lymphoplaamacytoid infiltrates were observed in those 
areas where isleta should have been visible (88%, Table 
3) Insulin could not be detected following immunoper- 
oxidase staining of this tissue (Fig. IF). In marked con- 
trast, H&E staining of pancreatic tissue from NODs 
treated with rHuIHO for 17 weeks (Fig. IG) revealed 
intact islets, most of which were shown to be sur- 
rounded by a crown of lymphocytes (80%, Table 3). De- 



spite the lymphocytic infiltrate, the general architec- 
ture of the pancreas and islets of Langerhans was sim- 
ilar to that observed in 4-week-old nondiabetic NODs* 
The intensity of the immunoperoxidase stain for insu- 
lin within cells of the pancreatic islets of IL-10-treated 
mice (Fig. IB) was a further indication of the relatively 
normal architecture of the pancreas in these mice. 

DISCUSSION 

The cytokine IL-10 was initially detected as a prod- 
uct of murine type 2 helper T-oella (TH2) that could 
suppress cytokine synthesis (e.g., IL-2 and lFN-y) by 
activated cells of the THl subset. The capacity of IL-10 
to suppress the production of TH-l-derived cytokines is 
a contributing factor to its modulatory effects on cell- 
mediated immune responses. Because of this property, 
it has been speculated that IL-10 may prove to be clin- 
ically useful in the treatment of autoimmune diseases; 
particularly those diseases where cell-mediated immu- 
nity to autoantigena predominates. 

Human type 1 IDDM is an autoimmune disease in 
which EL-2 and IFN-> appear to play a role in the onset 
and/or progression of disease. The NOD mouse is an 
experimental model of this disease where a progressive 
insulitiB precedes the destruction of pancreatic islet 
cells as has been observed in the human counterpart 
There are two reports in support of a role for IFN-> in 
the development of diabetes in NOD mice. Firtt, it has 
been demonstrated both in vitro and in vivo that in 
comparison to other mouse strains, NOD mice have an 



for 1/ ween* wun i « J^T j ^ t ^. u . Pancreatic tUaoe from 4-waftIc-old mice a tamed by n&E [A. 1QU*> 
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nhanced capacity to produce IFN-7 Second, 
IFN-*y transgenic mice develop an insulitia that pre- 
cedes p cell deetruction and the appearance of overt 
Byraptoms of diabetes (15). The data presented in thie 
report are also consistent with the hypothesis that 
IF>H is a mediator of diabetes in NOD mice. Thus, the 
administration of an anti-IFN-^ antibody to NOD mice 
during that period when symptoms of diabetes usually 
become manifest prevented the onset of disease in the 
vast majority of treated animals. Moreover. EL- 10, 
whose biological properties include the ability to in- 
hibit FN--y production by THl cells, was equally effec- 
tive in preventing the onset of diabetes in NOD mice. 
The majority of NOD mice given a 16-17 week course 
of therapy with rHuIL-10 (1 jig/mouse) beginning at 
9-10 weeks of age never developed disease. These mice 
remained disease free following cessation of therapy. 
Preliminary data indicates that the capacity of IL-10 to 
suppress disease is dose-related (0.1 jig/mouse is inef- 
fective) and that its ability to prevent diabetes is not 
enhanced by starting therapy earlier (5-6 weeks of 
age) but is greatly diminished when therapy is initi- 
ated aa late as 13 weeks of age (data not shown). 

Histopathologic analyses of pancreatic tissue from 
IL-10-treated and MSA control animals provided addi- 
tional insight into the mode of action of IL-10 in pre- 
venting the development of diabetes. Very few intact 
islets were evident on histological examination of pan- 
creatic tissue from control NODb. A heavy cellular in- 
filtrate was present and insulin could not be detected 
by immunoperoxidaee staining of frozen sections of 
this tissue (PigB. IE and IF). In contrast, the pancreas 
of IL-10-treated NODb exhibited moderate insulitia 
(peri-islet infiltrate) and normal pancreatic architec- 
ture, including intact islets of Langerhans. In general, 
despite the more intense leukocyte infiltrate, the his- 
tology of the pancreas of IL-10-treated mice was simi- 
lar to that observed in the pancreas of the 4- week-old 
NOD. Although the islets of lL-10-treated mice re- 
mained relatively intact and exhibited detectable in- 
sulin production, they were surrounded but not infil- 
trated by a crown of leukocytes (Figs* 1G and 1H). 
Likewise, it has been shown by others (27) that trans- 
genic expression of IL-10 in the isletB of Langerhans 
resulted in a pronounced pancreatic inflammation 
without 0 cell destruction and development of diabetes 

(27) Taken together, these observations indicate that 
IL-10 does not act by inhibiting the influx of inflam- 
matory cells (lymphocytes and macrophages) into the 
pancreas. Rather it appears that in vivo IL-10 alters 
the local environment of the pancreatic islet in such a 
way that activation of those lymphocytes and inflam- 
matory cells residing in the vicinity of the islet is pre- 
vented. This hypothesis is supported by in vitro studies 

(28) in which IL-10 was shown to significantly reduce 
antigen specific T cell proliferation and cytokin pro- 
duction by effectively downregulating th class II MHC 



expression on the antigen-presenting monocytes. Fur- 
thermore, attempts by our laboratory to detect circu- 
lating levels of cytokines in NOD mice during the onset 
and progression of diabetes have been unsuccessful 
(data not shown), strongly suggesting that locally pro- 
duced cytokines contribute to the pathogenesis of dia- 
betes. If results from further studies demonstrate the 
potential of IL-10 to downregulate the activation- and 
cytokine-producing capacities of leukocytes infiltrat- 
ing the pancreas of NOD mice, then the relevance and 
clinical utility of IL-10 in the prevention of QDDM 
should be considered. Since it is likely that the predi- 
abetic patient population selected for participation in 
clinical trials will have some degree of insulitis > an 
ageat like IL-10, which in addition to restricting (fur- 
ther) ceil migration into the pancreas also inhibits the 
disease-provoking activities of the cellular infiltrate, 
may prove to be therapeutically affective in the treat- 
ment of human IDDM. 

In summary, this report describes results which in- 
dicate that IL-10 can prevent onset of diabetes in the 
NOD mouse which is known to have an autoimmune 
etiology. The data suggest that the cytokine synthesis 
inhibitory activities of IL-10, particularly its ability to 
inhibit IFN-> synthesis by helper T ceils of the Thl 
subset, contributes to its efficacy in the NOD mouse 
model Experiments are in progress to more precisely 
define the mechanism by which IL-10 prevents diabe- 
tes in the NOD mouse. These studies include quanti- 
tative analysis and phenotypic characterisation of cells 
infiltrating the pancreas by flow cytometry as well as 
attempts to detect cytokine and cytokine mRNA ex- 
pression by the specific cell types comprising the infil- 
trate. 
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Anti-CD3 mAb arc known to be both, immunosup- 
pressive and autogenic to T cells in vitro. However, 
only immunosuppression has been observed after 
in vivo administration of these mAb. The present 
study demonstrates that T cell activation does oc- 
cur after in vivo adniinistration of anti-CD3 mAb to 
mice, Evidenced by increased TJL-2R expression on T 
cells, CSF secretion, and extra-medullary nemato- 
poiesis in the spleen. These effects required multi- 
valent cross-linking of the mAb, since F{ab'k frag- 
ments failed to induce them. However, the F(ab') a 
fragments did induce modulation of CD3/TCR from 
me surface of T cells, demonstrating that TCR mod- 
ulation is not sufficient to induce activation. In 
addition, interaction of the TCR with either intact 
or F(ab')a fragments of the mAb led to increased 
expression of CD8 in vivo, suggesting that the F(ab')a 
fragments of anti-CD3 mAb might be capable of 
inducing a T cell to undergo some, but not all, of the 
changes involved in reaching a fully activated state. 
Further study of the activating effects of anti-C03 
mAb might increase the understanding of the mech- 
anisms of in vivo T cell activation and might also be 
exploited clinically to stimulate T cell function in 
immunocompromised states and to enhan ce hema- 
topoiesis in myelodysplastic disorders. 

mAb directed against the CD3 invariant proteins of the 
TCR complex have been shown to be immunosuppressive 
both in vitro and in vivo. In vitro studies have demon- 
strated that these mAb can completely inhibit antigen 
mediated CTL activity in humans (1). One such antibody. 
0KT3. is used as an immunosuppressant in the clinical 
setting to treat organ graft rejection (2-4). Wc have re- 
cently shown that a hamster mAb, 145-2C11. directed 
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against the CD3« chain of the murine TCR complex, can 
suppress skin graft rejection in mice and cause both short 
and long term T cell dysfunction (5]. Thus, the in vitro 
immunosuppressive effects of anti-CD3 mAb appear to 
also occur in the in vivo environment. In addition to their 
ability to suppress T cell function, anti-CD3 mAb also 
have potent activating properties in vitro. Incubation of 
human T cells with OKT3 results in T cell proliferation 
and lymphokine secretion (6). Similarly, in vitro incuba- 
tion of murine spleen cells with 145-2C1 1 induces prolif- 
eraUon (7) and lymphoKine secretion (6) (J.A. Bluestone 
and R. Cron, unpublished observations). The present 
study was undertaken to determine whether this T c 11 
activation could be observed after in vivo administration 
of antl-CD3 mAb. 

MATERIALS AND METHODS > 

Animals. C57BL/10 male mice between 8 to 12 wk of age were j 
obtained from The Jackson Laboratory. Bar Harbor, ME. Athymlc * 
BALB/c mice and N1H Swiss mice were obtained from the National 
Institutes of Health small animal production facility. 

Production and purification of antl-CD3 mAb. 145-2CU mAb 
was obtained by growing hybridoina cells tn an Acusyst P machine 
(Endotronics. Minneapolis. MN] and coUecting supernatant. Anti- 
body was then purified by 50% ammonium sulfate precipitation 
followed by gel filtration on an ACA 34 ultrogel column (IBF Biotech- 
nlcs. Savage. MD). The CD nomenclature has been used in this 
manuscript to designate defined ceil surface molecules including 
Lyt-2(CDS). L3T4 (CD4). and T3 (CD3). 

Ffab'fe fragments of 145-2C1 1 mAb were prepared by Incubating 
purified mAb with pepsin in a ratio of 1/100 pepsin to mAb. In 
citrate buffer. pH 3.9. for 4 h at 37°C. The solution was then 
normalized to pH 7 with 3 M Trts-HCl. pH 8.6. and dialyzcd into 
borate buffered saline. pH 8.5. Ffab') a fragments were separated 
from intact antibody by gel filtration on ACA 34 followed by passage 
over a protein A column. Purity of F(ab'U fragments was indicated 
by their inability, in soluble form, to Induce proliferation v of spleen 

^lnvivo treatment of mice. For flow cytometry and CSF studies, 
mice were treated with either 400 »g or intact mAb or an equivalent 
molar amount (250 m*) of F|ab') a . administered in 1 dose i.v via the 
lateral tail vein. This dose was selected based on its ability to 
completely saturate surface CD3 in spleen and lymph node cells, as 
previously shown (3). For histologic studies, mice were Injected i.p. 
with either 400 >ig of 145-2C1 1 (antl-CD3) or a combination of 250 

01 of OK1.5 (anU-CD4) (9) and 2S0 m1 of 2.43 (anU-CD8) (10) ascites. 
Proliferation assays. Proliferation was measured by putting I x 

10* CS7BL/10 spleen ceUe from treated or control animals plus 2 x 
10* untreated irradiated C57BL/10 spleen cells as accessory cells in 
96 well mlcrotiter plates (Costar. Cambridge. MA) with or without 
the addition of HR-tt>2» at different diluuons. In some assays 25 

2 4G2 (anti-FcR) (11) hy bridoma cell culture supernatant was added 
to block anU-CD3-mediatedT cell function (12). Experimental points 

• Abbreviations used in this paper: HR-1L-2. human rIL-2: EMH. extra- 
medulary hematopoesis: FCM. now cytometry. ATG. anti- thymocyte glob- 
ulin: TRA. Texas Red-atrepuuidin. 
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. • - V-^^-3S5U- ■ ^ * ■ . -~ . 
were performed in uiplicateV After wcubauoa at 37*C for 
each well was pulsed with I n& oft i*H]TdR for 1 h- pH|TdR 
incorporation per wett was. measured and averaged for each tripli- 
cate, ^vjv ■- - *-* 

CSF assays Mice were hied 1, 2. 3: 6* 18. or 24 h after Injection 
of intact 145-2CX 1 or 3 h after injection of 250 ng of F(ab'fe. CSF 
assay* were performed *» previously described (13). Briefly, serum 
samples were diluted to a final concen t ratio n of 6% in 1 ml of DME 
medium supplemented with 25% horse serum and 0.5% Bacto agar 
(Dlfco Laboratories Inc. Detroit. MI)- A total of l x 10* bone marrow 
cells from National Institute* of Health Swiss mice were placed in 1 
ml of DMEM supplemented with 23% horae serum and 0.3% Bacto 
agar, which was then seeded on top of the solidified 0.5% agar bed. 
Each serum sample was assayed in duplicate. Cultures were incu- 
bated for 7 days, at which time bone marrow colonies were counted 
with an inverted microscope. 

Htstotogy. Mice were euthanized with CO*. Spleens were removed, 
weighed, and fixed In 10% neutral buffered formalin or Bourn's 
fixative, embedded In paraffin, sectioned at 6 m . and stained with 
hematoxylm-eosln. 

FCM onaiusls. Mice were killed 2. 12. 18, or 72 h after Injection 
of the mAb and spleen and lymph nodes were removed. Two-color 
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FCM analysis was performed on a FACSII (Becton Dickinson; Moun- 
tain View. CA) as previously described (14). Cells were stained with 
the following FITC-coupled mAb: antl-CD3 (14S-2C11). an U -CD 8 
(Becton Dickinson). ana-CD4 (Becton Dickinson), goat anti-hamster 
Ig (Klrkegaard & Perry Laboratories. Gaithersburg* MD). An anU-H- 
2K** IQ (125-3-3) (15) FITC was used as a negative green control. The 
following bloti n • conjugated mAb were used followed by TRA (Be- 
thesda Research Laboratory. Gaitheraburg. MD) counterstainlng: 
antl-IL-2R (3C7 or 7D4) (16). anti-Thy-1.2 (Becton Dickinson]. Two 
biotin-conjugated mAb, anU-human CD7 (3A1) (17) and antl-H-2K* 
(36-7-5) (18) were used as negative red controls. Two-color immu- 
nofluorescence data were displayed aa contour diagrams in which 
log Intensities of green (FITC) fluorescence were plotted in 64 chan- 
nels on the x axis and the log intensities of red (Texas red) fluores- 
cence were plotted on the y axis. Constant values of the percentage 
of total cell number on the z axis were selected to draw the rings or 
contours around peaks of cells correlating FTTC and TRA fluores- 
cence. Log fluorescence in channels was converted to millivolts 
based on a standardization of the FACSII with fluorescelnated beads. 



RESULTS 




LOG Q GREEN FLUORE3CBJCE 

Figure I. Increased u>2R and CDS expression 18 h post-Injection of 
antl-CDS. Spleens were removed from control and treated mice and cells 
were examined by two-color FCM. 



Anti-CD3 mAb induces in olvo IL-2 R expression. The 
potential of the 145-2C1 1 mAb to activate T cells in vivo 
was evaluated by examining its ability to induce U>2R 
expression after its administration. Spleen and lymph 
nodes were removed from treated animals at various 
times after injection of the mAb and analyzed by two- 
color FCM. Both CD8* and CD4* cells demonstrated an 
increase In IL-2R expression 18 h after treatment (Fig. 
1]. IL-2R expression was seen as early as 12 h after 
treatment and maximal expression, both in terms of 
intensity (data not shown) and cell number (Fig. 2) was 
observed 24 h after treatment. The IL-2R expressed on 
these in vivo-activated T cells was functional, because 
addition of exogenous HR-1L-2 in vitro resulted in high 
levels of proliferation compared to spleen cells from un- 
treated animals (Fig. 3). This proliferation could not be 
blocked with an anti-FcR mAb (2.4G2). whereas prolif- 
eration to soluble anti-CD3 was completely blocked (Data 
not shown). Indicating that the proliferation of the IL- 
2R* cells was a consequence of the added HR-1L-2 and 
not of residual anti-CD3 mAb present on the cell surface. 

Despite the fact that significant depletion of both CD4* 
and CDS* cells is observed In the lymphoid organs of mice 
by 72 post-administration of 145-2C11 (5). the level of 
CD8 expression : on non-depleted CD8* cells was found to 
be increased by 18 h post-administration. This increase 
in CDS expression (397% in the experiment shown in 
Fig. 1} varied between 150 to 400% In multiple experi- 
ments. By 72 h after treatment. IL-2R expression (Fig. 2) 



figure 2. Time course of IL-2R expression after 
antl-CD3 treatment. Spfr^i* were removed from con- 
trol pi and treated (*) mice and cells were examined 
by FCM for the presence of tt>2R. Percentage of 
spleen cells positive for tt>2R Is plotted after subtree* 
tlon of background levels of staining with control mAb 
(36-7-3). Each time point represents values for an 
individual animal with the exception of the 72-h 
point, which was a pool of spleen cells from five 
treated animals. These data were reproducible in mul- 
tiple experiments. 
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oenim of these mice (data not shown). The level oi 
£^lon on resloval CD4* cells «ild not increase. 
TSSaSiAb induces CSF secretion. The previews 
„££ Sorted that in vivo ^^txaUonof anU- 
CD3 resulted In activation of T cells, evidenced byln 
°£L™t-2R expression and V^««£«££fiZ 
to co-Stimulation with IL-2. Mice were next evaluated tor 

?h. in. »ere then analiraeil for «e presence of CSF. 



««« and was no longer detectable by 24 h post- 
S Sn 4^Doses ai low as 10 * Emulated CSF 

Bl 0 nude micVwhlch lack T cells. f ailed It P^^ff 
a fr«- infection of antl-CD3 (data not shown). Thus. It 
»^Krantl-CD3 was stimulating CSF secretion in 
vfvtp^m^ably as a consequence of activating T ceUs 
An%CD3 mAb induces EMH. Inasmuch as a major 
rffect of CSF is induction of hematopoiesis. mice treated 
wTtf toe anU-CDS mAb were examined histologically or 
IvIdenS of hematopoiesis. Peripheral blood from mice 
itSTwlth the mAb showed an absolute 
with increased numbers of immature V*£*f**£^„ 
ntntf one dav after injection and peaking 3 days alter 
S£t5o£oT the mAb (data not shown). In addition sig- 
nSrEMH was observed in the spleen between 4 and 
W Sys after injection of the mAb. consisting of ln- 
crea^numbJ of megakaryocytes and granulocyUc 
Z2E*S£i precursors In the paraf oUicuUr red pulp 
Sg.Siand a doubling of splenic weight (Tabl J- For 
instance on day 4 control and treated animals had total 
wSt?be?Jeen 25.0 to 25.7 g in the contro s and 22 5 
in the treated animals. However, spleen size in 
Sniol aSmals was between 84 to 96 mg. whereas , « 
Sated animals it had increased to between 201 to 218 
ST to Sermine whether the observed EMH was a non_ 
Sc^c effect of T ceH depleUon or a direct result .«T 

Irant EMH was observed histologically In spleens of anti- 

SS££W. - ^ 8 TanU°CD8 
Ft* 5 C and D). whereas antl-CD4 plus anu C ° 8 ™*~ 

^u^howed no EMH On days 4 l^^SgfiS 

10 (Fig. SB). Spleen ^^T^tT- 




123 



HOURS POST-KECTION 



DOSE (MCG) 



juiced at 6% final diluUon with murine bone 
* 3h for anti-CD3 treated mice wa* more than 300.) o, wmn 
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FtaureS. EMH after administration of «!5^5^ Mo^^ 

Moughnut-mhaped* nud*i (rlrcfed area, upper l&t) |x500). 



animals showed no significant change In spleen size 
(Table I)- Thus, the observed EMH after anti-CD3 treat- 
ment appeared to be a specific effect of the anti-CD3 mAb 
and not simply a consequence of depleilon of T cells. 

F(ab')*Jraoments of antl-CD3Jail to activate T cells. 
Previous in vitro studies with anti-CD3 mAb have sug- 
gested that multi-valent croso-linking of the mAb, either 
with accessory cells or by immobilization on a solid ma- 
trix, was necessary for delivery of an activation signal 
(19) (O. Leo and J. A. Bluestone. unpublished data). To 
determine whether this was also true in vivo, we prepared 
F(ab') a fragments of 145-2C1 L by pepsin digestion. These 
F(ab')a fragments, in soluble form, did not induce in vitro 
prolif eration of spleen cells, but were capable of Inducing 
proliferation if immobilized on plasUc (data not shown). 



The F(ab') a fragments were shown to bind specifically to 
the CD3 ligand. because they could block binding of FITC- 
coupled 145-2C11. as measured by FCM staining (data 

not shown). ' 

As previously shown (Fig. 1), administration of intact 
mAb to mice resulted in increased IL-2R expression 
(Fig. aB) at 18 h. Intact mAb also caused modulation of 
CD3/TCR 18 h after injection. This is demonstrated 
by two-color How cytometry studies in which cells were 
pre-tneubated with 145-2C11 and then stained with 
FITC-coupled goat anti-hamster Ig followed by bi tin- 
conjugated anU-Thy-1 . In this manner T cells, which ar 
Thy-1" can be distinguished from non-T cells, which are 
Thy- P. Comparison f Fig 6 D and E demonstrates that 
after pre- incubation with 145-2CU. Thy-K cells from 




Received 



TABLE I 

increased sptentc size after in vivo anti-CD^ 



Control 



AnU-CO* + AnU- 
CD6 



IN VIVO T CELL ACTIVATION WITH ANTI-CD3 74 ^ 

the experiment shown in Figure 6C, CD8 expression 
_ increased by 150%. Thus, intact mAb appeared neces- 
sary to induce IL-2R expression, but was not needed to 
induce modulation of th TCR and Increased CD8 expres- 
sion. 



14S-3CU 



(0 



Day 4 



Day 10 



25.7 
23.0 



24.3 
26A 



Spleen 


Animal 


Spleen 


Animal 


img 


10 


("41 


(0 


96 


21 9 


84 


24.4 


S4 


25.S 


109 


23.5 


25.7 


117 


22.S 


71 


27.6 


64 


28.5 


66 


27.9 


86 


24.1 




22.8 


63 





Sple*n 
tntfl 



Thy-1* cell depletion 



204 

218 
201 

146 
172 



76% (day 10) 



80% (day 7) 

- incase in splenic weight 4 and 10 days after a^iau^iicmof 143- 
2C1 1 Percent T celi depletion during the time period between days 4 and 
10. as measured by PCM analysis, is included for reference. 

anti-CD3-treated mice (£) have a lower intensity of stain- 
ing with FlTC-coupled goat anti-hamster Ig than do Thy- 
1* cells from control mice (Fig. 6D). This indicates mod- 
ulati n of CD3/TCR from the cell surfaces of T cells from 
anti-CD3 ? -treated mice. Injection of the F(ab'b fragments 
also led to modulation of CD3/TCR 18 h after injection, 
but no increase in IL-2R expression was observed (Fig. 6. 
F and CI, despite complete saturation of CD3 on the cell 
surface as measured by FCM analysis (data not shown). 
In addition, no CSF was detected in the serum after 
injection of F(ab') 2 fragments (Fig. 4. open circle). CD8 
expression after F(ab') a treatment was somewhat vari- 
able in multiple experiments, ranging from no detectable 
increase to a three-fold increase over control animals. In 



DISCUSSION 

Anti-CD3 mAb induce rapid suppression of T cell func- 
tion in vivo, and are used clinically to suppre s organ 
graft rejection. However, in vitro studies have shown that 
these mAb can also be potent activators of T cells. There- 
fore we evaluated one such mAb, 145-2C1 1. for its abil- 
ity to induce in vivo T cell activation. The present study 
demonstrates that an anti-CD3 mAb can have dramatic 
activating effects in vivo, including induction of 1L-2R. 
CSF secretion, and EMH. As has been shown in vitro, 
this in vivo activation appears to require multi-valent 
cross-linking of the mAb via its Fc portion. F(ab'} 2 frag- 
ments of the mAb failed to induce 1L-2R expression r 
CSF production. Experiments designed to directly test the 
in vivo requirement for multi-valent cross-linking by ad- 
ministration of anti-FcR mAb (2.4G2) before administra- 
tion of Intact anti-CD3 were inconclusive, perhaps due to 
other FcR in the mice which are able to cross-link the 
145-2C1 1 mAb. Of interest is that the F(ab') a fragments 
did induce modulation of the CD3/TCR complex. Inas- 
much as, in this study. CD3/TCR modulation occured 
without induction of IL2-R, it is clear that modulation is 
not sufficient for transmission of a complete activating 

3l Both the intact mAb and the F(ab') a fragments induced 



CONTROL 



WHOLE AB 



F(ab'), 




ANTI-CD8 




1 2 a 
ANTT-CD8 



a - 




1 2 S 

ANT1-CD8 






AN1VCD3 + GOAT ANTI-HAMSTER 

LOC^OHEHJFUJOHESCO^CE 
«»»«ingiu.hed from B cells by staining positively with the antl-Thy-1 mAb. 
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sees « -^tasfisarssr* 

nybrtdoma uooM 1 MHC (22). Thus 

would activate T cells ^^„^^SS^SS^ 
TCR modulation, ^^f^^^on without 

provide a means to stimulate im """-^SSS 

(25). the results of the present sway ««6 
•uMeqiKnt release ^^J^T™, amain antltod- 

stems — . - 



CSF production from monocytes in vitro (26. 27). Thus. 
anti-CD3 mAb in non-immunosuppressive doses might 
be useful as a stimulus for hematopoiesis. 
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ANTI-CD3 ANTIBODIES INDUCE T CELLS FROM UNPRIMED ANIMALS TO 
SECRETE IL-4 BOTH IN VITRO AND IN VIVO 1 

VERONIQUE FLAMAND.* DANIEL ABRAMOWICZ/ MICHEL GOLDMAN/ CEC1LE BIERNAUX/ 
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Recently, functional heterogeneity among Th 
cells has been recognized. Based on pattern of lyxn- 
phokine secretion, two mutually exclusive subsets 
of CD4* cells have been defined and designated Thl 
{secreting IL-2 and IFN-y) and Th2 (secreting IL-4 
and IL-5). Identification of these subsets was mostly 
based on the study of long term cultured T cell lines 
and clones, and little is known about the Th heter- 
ogeneity in vivo. In particular, it has been suggested 
that EL-4 producing cells cannot be detected in vivo 
or in primary stimulations in vitro unless responded 
cells had been previously primed. Our data however, 
indicate that anti-CD3 mediated stimulation can 
induce T cells isolated from unprimcd animals to 
IL-4 production. An assay system based on the abil- 
ity of IL-4 to increase la expression of B cells present 
in the environment of activated T cells was found 
to be more sensitive than detection of secreted IL-4 
in the supernatant by conventional bioassays and 
was used to study IL-4 production by unprimed 
lymphocytes poiyclonally stimulated in vivo and in 
vitro by anti-CD3 mAb. The results obtained indi- 
cate that CD4" CD8" T cells able to produce H^4 
upon receptor-specific stimulation exist in the 
preimmune pool of adult animals. Remarkably, 
these cells can also be stimulated in vivo by treating 
animals with anti-CD3 mAb, as indicated by the tn 
vivo induction of IL-4 specific mRNA and hyper-la 
expression on B cells. These results indicate that 
the inability to detect IL-4 in primary culture is not 
due to different activation requirements of Th2 cells 
but may simply result from their lower frequency in 
imprinted animals. 



It is now well established that Th cells play a central 
role in the initiation of a specific immune response. The 
available evidence to date indicates that after Ag recog- 
nition. Th cells secrete a series of regulatory factors or 
Wmphokines that have an effect on the activation, pro- 
liferation and function of T ceils. B cells, and other cell 
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types. 3 
The analysis of functional phenotype and of pattern of - 
lymphokine secreUon has recently allowed the identifi- ^ 
cation of discrete subsets of Th cells (1-4). Thus, based < 
on the analysis of Th clones and cell lines, two mutually : 
exclusive subsets of CD4* cells have been recently rec- ; 
ognlzed and designated Thl and Th2 (4. 5). Thl cells j 
produce IL-2. IFN-y. and lymphotoxins. whereas Th2 
cells secrete IL-4 and IL-5 in response to the same sUmuli 
(6). Although Thl clones seem ideally equipped to act in 
cell-mediated immunity and Th2 to provide B cell help, 
in vitro analysis have shown that Thl and Th2 clones 
perform both distinct and overlapping functions. For 
example, both subsets can help B cells to produce anti- 
bodies, although quantitative and qualitative differences 
exist (6-10). In contrast, only Thl cells seem to be in- 
volved in delayed-type hypersensitivity (11). 

The identification of these two subsets of CD4* helper 
cells is mostly based on studies performed with tumor T 
cell lines. T cell hybrids, and Ag-specific T cell clones. It 
is therefore not clear whether these two subsets exist in 
vivo and represent distinct lineages of T cells. In partic- 
ular the frequency, tissue distribution and ontogeny of 
cells capable of secreting IL-4 in vivo are not known. 
These studies have been Hampered by the fact that 
freshly isolated T cells from unprimed animals often 
failed to secrete detectable amounts of IL-4 and IL-5 when 
stimulated in vitro by lectins or alloantigens, whereas 
IL-2 was readily detectable in the same cultures (12. 13). 

Our study was undertaken after the observation that 
soluble anti-CD3 antibodies induced IL-4 production by 
unprimed T cells, as reflected by an increased la expres- 
sion on B cells present In the same microenvironment of 
activated T cells. This sensitive aaaay of IL-4 activity 
allowed us to probe the repertoire of T cells from un- 
primed animals and we found that in contrast to previ- 
ously published reports, cells able to synthesize IL-4 are 
present in the preimmune lymphocyte pool. 



MATERIALS AND METHODS 

Mice DBA/2 mice were purchased from the Institute of Cellular 
Pau^oTc^y^ssTls (Belgium]uBALB/c mice were obtained from Olac 

^S'S from the following 

source of antibodies: anti-CD3: 145-2C11 (14):anU£D4: GK 1.5 U 5, 

andRLl7.2U6)i ax>U-lL-4: UB11 (17 : ^^^^^S^ 

specific for the dlnltrophenyl hapten (IS): anti-IA d : MKD6 (19) and 

25-9-17 (201* anti-IE": 14-4-4S (21). ' . £ 

" J23TaH48 t .gA.k of BALB/c origin). 

determinants on the light chain of the hamster mAb i ^CU was 

derived m our laboratory. F(ab')a and Fab fragments of the 45 

2C1 1 mAb were prepared by cleavage of punf.ed IgG by proteolysis 
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using, respectively, pepsin (Boehrtnger Mannheim GmbH. FRC) and 
papain (Sigma Chemical Co., St. tnuia. MO). Briefly, the mAb 145- 
2CU was purified from culiure supernatanta by affinity chromatog- 
raphy over a column of protein A-Sepharose (Pharmacia. Uppsala* 
Sweden! and Incubated with the appropriate enzyme according to 
aiandard procedures (22). After digestion and enzyme inactivation 
by dialysis, the preparation was purified by chromatography over 
protein A-Sepharose to remove the undigested material. The purified 
fragments were shown by gel electrophoresis and EUSA using a 
mAb specific for the Fc portion of the 145-2C1 1 (clone AH6. gener- 
" " atory) to contain less than 1% of intact IgG. 



ated In our laboratory) to contain less than 1% of intact IgG 

In vitro experiments. Cellular proliferation and the expression of 
la determinants were evaluated after stimulation of splenocytes by 
anU-CD3 mAb. 

Intact or enzyme-digested antl-CD3 mAb were added to the culture 
in their soluble form or Insolubllized as follows. Culture plates were 
coated overnight at 4°C with an anti-L chain mAb (clone AH46. I GO 
tig/ml]. After extensive washing. anU-CD3 antibodies or its frag- 
ments were added to the plates and incubated for 2 h at 37°C. Plates 
were then washed and spleen cells were added for culture. This 
method of insolubiluation using an anti-hamster antibody was pre- 
ferred to the direct adsorption of anU-CD3 mAb to solid phase after 
the finding thai Fab fragments bound poorly to plastic trays. Cells 
were cultured at 1.5 x I0 fl cells/ml In 2 ml of complete media (RPMI 
1640 supplemented with 10% FCS, sodium pyruvate, nonessential 
amino acids, glutamlne. and 2-ME). The cultures were incubated at 
37-C in 7% CO, in humidified air. When indicated. LPS (Dlfco 
Detroit. Ml) was added to the cultures at 6 Mg/ml: Csa* (a kind gift of 
Sandoz Ltd., Basel. Swiuerland). was added to the cultures at a final 
concentration of 1 Mg/mi. rlL-4 was produced in methotrexate am- 
plified Chinese hamster ovary cells and was a kind gift from Dr. W. 
Flers (State University. Gent. Belgium). Intensity of la Ag expression 
was evaluated after 18 h of culture by flow cytometry as described 
oelow. For antl-CD3 induced proliferation. 2 x 10* aplenocyte« were 
cultured in 0.2 ml cultures for 3 days. 0.5 mCI of 3 H-thymldine 
(Amerahwn International. Buckinghamshire. UK) waa added ">each 
well 18 h before collection of the cultures with an automated cell 

Tcell subset analysis. Spleen cells were depleted of CD4* or CD8" 
lymphocytes by C'-mediated lysis followed by the addition in culture 
of antibodies to CD4 or CDS to functionally block cells that might 
have escaped lysis. Briefly; splenocytes were incubated for 30 min 
at room temperature with saturating amounts of anti-CD4 mAb 
(clone RL17.2) or antI-CD8 mAb (clone 83-12-5. kindly provided by 
J. Bluestone. University of Chicago. Chicago. IL). Cells were then 
washed and incubated with C -containing selected rabbit serum 
(produced in our laboratory) for 30 min at 37'C. AnU-CD4- and anti- 
CD8-treated cells were then cultured in the presence of. respectively. 
anti-CD4 (clone GK1.5) and antl-CD8 (clone 83-12-5) mAb [20% of 
culture supernatant from the corresponding cell lines). 

In vtvo experiment*. D8A/2 mice were injected l.v. with a single 
dose of 25 Mg or affinity purified anti-CD3 mAb. Control animals 
were injectedwith 25 »g of hamster Ig or saline. IL-4 production was 
evaluated by increased la expression on splenic B cells andr by 
detection of IL-4 mRNA in spleen cells as described below. 

Inhibition of IL-4 production was attempted by pretreatlng ani- 
mals with s.c. injections of CsA (25 mg/kg in 90% oUve oll/10% 
ethanol) 1 8 and 3 h before administration of antl-CD3 mAb. Blocking 
experiments with mAb were performed as follow*. Mice received i.p. 
injections 24 and 1 h before anti-CD3 treatment with I ml of ascitic 
fluid containing 4 mg of rat IgOi Ig specific for u>4 (mAb 1 1BI 1) or 
the hapten DNP (control group. mAb LO-DNP-2). 
» Immunofluorescence. Cells were suspended in PBS containing 
0.5% BSA and 0.1% sodium azlde (How microfluonmetry media). 
Saturating amounts of antibody-containing culture supernatant 
were added to 10* cells in 0.1 ml and incubated on ice for 30 min. 
Cells were then washed in flow mlcrafluorimetry media and Incu- 
bated for 30 min with btotin-coupled goat antibodies specific for 
murine lgG2a. before a further Incubation with FITC- labeled strep- 
tavldln. Both reagents were purchased from Amersham Interna- 
tional. Blotlnytated 14.4.4S mAb was used In some experiments. 

Cells were analysed using a Cytofluorograph (Ortho Diagnostic 
Systems. Westwood. MA) IFigs. 1. 2. 6. and 10) or a FACScan flow 
cytometer (Sec con Dickinson. Mountain View. CA) (Figs. 3. 4. 5. 7. 
and 9). In ail cases, cells were gated for sue and side scatter to 
eliminate from analysis debris and dead cells. Fluorescence results 
are generally expressed as the mean channel fluorescence of the 
rTTC-positive peak on an arbitrary log scale. 

Two-color analysis for surface IgM and la Ag was performed oy 
incubating cells with FTTC-ccupled goat antl-IgM antibodies [Cappel. 
Malvern. PA) and blotlnylated anti-la mAb counterstalned with phy- 

j * Abbreviation used in this paper: CsA. cyclosporin A. 



coervthrln-conJugatedstrepta\idirr(Becton Dickinson). r^^SH" 

RNA isolation and Northern blots. Total RNA was isolated from 
splenic cells of DBA/2 mice- by guanidinium thiocyanate/cesturrt 
chloride method (23) followed bv a phenol-chloroform extraction: Of . 
total RNA 5 pg were denaturated in DMSOClyoxal, submitted to 
0.01 M NaHjPO* 1% agarose gel electrophoresis as described (24) 
and transferred to nylon membranes (Amersham International) by_^ 
capillary blotUng. 

Filters were dried, baked Tor t h at 80*C. and the positions of ass 
and 18S rRNA bands were determined by UV shadowing. The pSP65- 
mIL-4 9(A) plasmid contains the IL-4 cDNA cloned downstream from 
the SP6 promoter and was kindly provided by Drs. R. Devos and W. 
Ficrs. Gent. Belgium. [^PjRNA probes were transcribed using SP6 
polymerase (Boehringer Mannheim). 

Filters were hybridized with I^IRNA probes 24 h at 60°C in the 
prehvbridtzation solution (I Ox Denhardt solution. 0.1% SDS. 200 
ng/mi DNA salmon sperm. 5x SSC. and 50% formamlde) then 
washed at 60'C In 2X SSC for 30 min followed by 0.2X SSC for 30 
min before autoradiography at -80°C for 1 wk. 



RESULTS 

/L-4 production by unprtmed T cells. Our study was 
initiated because of the observation that In vivo admin- 
istration of soluble anti-CD3 mAb induces a rapid in- 
crease of la expression on B cells. Although a number of 
stimuli have been described that increase the expression 
of B cell surface la. including cross-linking of surface Ig 
(25. 26) or mitogens (27). IL-4 is the only T cell-derived 
lymphokine known to date that is able to induce the 
majority of purified B cells to high expression of class II 
determinants (28. 29). We therefore postulated that IL-4 
was secreted by naive T cells after TCR/CD3 -mediated 
activation and developed an in vitro model to test this 
hypothesis. Spleen cells from unprtmed DBA/2 mice were 
cultured in anti-CD3-coated plates for 18 h at 37°C. After 
culture, the production of IL-4 was monitored by two 
Independent assays. Supernatahts from stimulated cul- 
tures were assayed for growth-promoting activity on the 
IL-2 and IL-4 responsive cell line CTL.L. In addition, the 
intensity of la Ag expression on B cells present in the 
anti-CD3-stimulated cultures was monitored by flow cy- 
tometry. A typical experiment is shown in Figure 1 . As 
shown in Figure 1 A. spleen cells cultured in the presence 
of rIL-4 expressed increased levels of la determinants; 
Figure IB indicates that rlL-4 Induce a strong pr lifera- 
tive response of the CTL.L line used. Although superna- 
tants of spleen cells stimulated with anti-CD3 >mAb did 
not contain growth-promoting activity for the CTL.L line 
(Fig. ID). B cells present in these cultures displayed a 
strong increase in la expression (Fig. 1C). This phenom- 
enon was mediated by IL-4. as the antt-IL-4 mAb 1 1B1 1 
could abrogate the anti-CD3-induced hyper-la expression 
(Fig 2). As a control of specificity. LPS-induced la expres- 
sion was not affected by the addition of 1 1B1 1 antibodies 
(Fig. 2). Anti-CD3 in these cultures was insolubili2ed by 
plastic adherence, so that the inhibitory effect of 1 1B1 1 
cannot be due to competition for FcR in culture. In addl- 
Uon. no effect of normal rat Ig was observed tn these 
cultures (data not shown). 

JL-4 secretion requires TCR cross-linking. Optimal 
activation by anti-CD3 antibodies requires TCR cross 
Unking. Multivalent forms of anti-CD3 mAb can be ob 
tained by insolubllization on a solid phase or by bindini 
to an FcR bearing cell. This is seen in the Figure 3, ii 
which different forms of the 145-2C1 1 mAb have beer 
used to activate naive spleen cells to proliferation (Fig 
3A) and IL-4 production (Fig. 3B). Antibodies were eithe 
added in soluble form to cultures, or insolubilized oi 
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Figure /. Anti-CD3 mediated activation 
of naive spleen cells: comparison of two dif- 
ferent IL-4 assays. Spleen cells were- stimu- 
lated in vitro by soluble antl-CD3 raAb. After 
1 8 h. cultures were harvested and IL-4 pro- 
duction wm monitored by two different 
methods (see Materials and Methods tor 
details). Cultured spleen cells were analyzed 
for la expression (c) and culture aupcrna- 
tants assayed for lymphokine content using 
the CTLX indicator cell line {d). Aa positive 
controls, the effect of iiL-4 on the expression 
of la by B ceils Is shown In a, whereas the 
ability of rIL-4 to promote CTL.L prolifera- 
tion ts presented in b. Results are expressed 
as the mean channel fluorescence of the 
FTTC- positive peak (a and c] or cpm of *H- 
thymidine incorporated by the CTL.L cell 
line (b and d). 
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Figure 2. In vitro inhibition of increased la expression induced by 
anu-CD3 or LPS by the 11B11 anU-IL-4 mAb. Naive spleen cells were 
cuiuircd for 1 8 h In the presence of the Indicated antibodies or m ito gens 
before the expression of la determinants analyzed by flow cytometry. 
Final concentrations of reagents were: LPS. 6 ug/ml: anU-IL-4. 25 ug/ml: 
anU-CD3. 0.1 ng/ml. 

plastic as described In Materials and Methods. The data 
show that in soluble form, only intact IgC are able to 
induce proliferation as well as 1L-4 production In vitro. 
Ins lubilizatlon of all forms of intact or enzyme digested 
antibodies was effective in mediating activation, showing 
that the failure of F(ab')j or Fab fragments to activate T 
cells in the soluble form was due to Insufficient cross- 
linking. These results indicate that IL-4 production re- 



quires T cell activation, because, as demonstrated for 
IL-2. only conditions that induce T cell proliferation yield 
IL-4 production. In addition, these experiments further 
rule out the possibility that endotoxins are responsible 
for the Increased la expression, because fragments of the 
anti-CD3 mAb are only acUve when cross-linked. 

Only CD4+CD&- cells secrete IL-4 after anti-CD3 stim- 
ulation. The ability to induce naive spleen cells to secrete 
lymphokines without long term culture enabled us to 
phenotype the cells precommited to IL-4 production by 
depleting from the responding T cell population CD4* or 
CD8* cells. Spleen cells were first treated with anti-CD4 
or anti-CDS mAb and C as described in Materials and 
Methods: cells were then stimulated in culture in the 
presence of the relevant anti-CD4 or antl-CD8 mAb to 
functionally block contaminating cells that might have 
escaped C -mediated lysis. As seen In Figure 4. depletion 
of CD4* cells abrogates the increase in la expression 
whereas elimination and blocking of CD8* cells was with- 
out effect. This confirms the results obtained with long 
term cultured cell lines, which indicate that IL-4 pr duc- 
tion is restricted to CD4* T cell lines and clones. Again, 
it is worth noting that in contrast to IL-4 production, LPS- 
induced la Increased expression can occur in the absence 
of T cells (data not shown). 

Antt-CD3 mAb induce IL-4 synthesis in vtvo. To study 
the effect of anti-CD3 stimulation in vivo, BALB/c and 
nude mice received i.v. injections with 25 ug of affinity 
purified anti-CD3 mAb. In vivo administration of anti- 
CD3 mAb results In an increase of la expression by 
splenic cells (compare Fig. 5 e and g to a and c). As for 
the in vitro experiments, these cells were identified as B 
cells by two-color immunofluorescence using IgM-surf ace 
staining (data not shown). This effect requires the pres- 
ence of mature T cells, because class II expression is not 
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Figure 3. Induction of T ceil activation 
by antl-CD3 antibodies or Its proteolytic 
fragments. Antl-CD3 antibodies were added 
to culture of oatve spleen cells in their sol- 
uble form or InsohibtlUed on antl-lg coated 
plates. Cell proliferation was tested by add- 
ing a H-tnymldlne at the end of the 3 days 
culture period (a). Production of IL-4 was 
evaluated by the intensity of la expression 
after 18 h of culture (b). 
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Figure 4. IL-4 production by T cell subsets. After C- mediated deple- 
tion, spleen cells were cultured In the presence of subset-specific mAb 
|20« culture supematanta of respectively GK 1 .3 for the CD4" and 83- 1 2- 
5 for the CD8" subpopulations). Cells were then cultured In the presence 
of autogenic doses of antl-CD3 mAb (0.2 Mg/ml) and U expression assayed 
18 h later. 
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Figures, InhlblUon of antl*CD3 induced hyper-la expression in vtvo 
by anti-iL-4 mAb. Mice were pretreated with saline. antl-DNP. or anti- 
IL-4 rat mAb as indicated in Materials and Methods before the i.v. 
administration of anti-CD3 mAb. Expression of la determinants were 
analysed by flow cytometry and the results are expressed as Indicated in 
the legend of Figure 1. 
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Figure 5. Increased la expression after in vtvo antl-CD3 administra- 
tion. Naive adult balb/c (a. c, e. and g) or balb/c nude mice <b, ct/ind 
hi were Injected with saline [a to d) or with anti-CD3 mAb ie to hi. Then 
18 h after treatment spleen cells were collected, stained with antt-Ia 
antibodies, and analyzed by flow cytometry as described. Each histogram 
raprM«AU the fluorescence analysis of an individual mouse. 

uprcgulatcd in nude mtcc treated with anti-CD3 (Fig. 5/ 
and h compared to b and d). Increased la expression was 
mediated by IL-4 as suggested by blocking experiments 
using an anti-IL-4 mAb. Mice were pretreated with saline 
r with rat IgGl Ig from either the LO-DNP-2 clone (spe- 
cific f r the hapten DNP) or the 1 1B1 1 cell line (specific 
for the murine IL-4). As shown in Figure 6. pretrcatment 
of mice with the antl-IL-4 mAb but not with the control 
antibody prevents the anU-CD3 -induced hyper la expres- 
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Floure 7. Specificity of the anti-IL-4 mAb inhibition: in vivo adminis- 
tration of anti-IL-4 mAb inhibits increased la expression but not Jbtaato- 
ftenesla after antl-CD3 stimulation. The experiment (mice "» 
Crescenceanalysisi was performed as described in the legend ^gure 
6. Fluorescence daU are displayed as a contour plot inwhlch ce 1 size (as 
measured by forward light scatter In a linear scale on the x axis) Is plotted 
against thetog green fluorescence (y axis). Each diagram represents data 
from an individual mouse. 
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si n. In Figure T the results of an Independent expert- 
ment are depicted as contour plots comparing cell size 
and expression of la in the spleen of treated animals. The ' 
results indicate that in addition to increased expression: 
of class II determinants, antl-CD3 antibodies provoke an 
increase in cell sire by the Ia~ population (identified as 
Thy- 1 * in other experiments not shown here). It is of note 
that anti-IL-4 pretreatment only inhibits the increase in 
la expression but does not alter T cell blastogenesis. 
These observations suggest that the anti-IL-4 antibodies 
do not interfere with the ability of anU-CD3 mAb to 
activate T cells in vivo but prevent IL-4 to activate B cells. 

Finally, IL-4 production was unequivocally identified 
by the analysis of RNA isolated from spleen cells after 
anti-CD3 administration. Total RNA was extracted from 
control or 145-2C11 injected animals and analyzed by 
gel lectrophoresis and Northern blotting with an IL-4- 
specif ic probe. IL-4 mRNA of 0.6 kb was detected only in 
anti-CD3 treated animals as seen in Figure 8. 

Inhibition of IL-4 production by CsA. In vivo experi- 
ments suggest that IL-4 secretion by short term activated 
spleen cells results from induction of gene transcription 
rather tlfan release of prestored IL-4. This conclusion is 
further substantiated by the finding that IL-4 production 
can be blocked by pretreatment with CsA, a fungal me- 
tabolite with immunosupressive activity widely used In 
transplantation medicine (30). The inhibitory effect of 
CsA on the increase of la expression in vitro is shown in 
Figure 9a. As shown earlier, the increased la Ag expres- 
sion observed in cultures stimulated by anti-CD3 mAb. 
is blocked by addition of 11B11 mAb. CsA at 1 pg/ml 
significantly impairs the production of IL-4 in the culture, 
as judged by the lack of Increased la expression. CsA does 
not interfere with the ability of B cells to respond to IL-4. 
as shown by the fact that when both rIL-4 and anti-CD3 
are added to the cultures, no effect of CsA on la expres- 
sion is observed. To further document this finding, the 
effect of CsA on T cell-depleted cultures stimulated by 
IL-4 was also tested. As shown In the Figure 9b. anti- 
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figure 8. Induction of 1L-* mRNA in naive animal*. DBA/2 adult mice 
were injected i.v. with saline <a) or 2S of anU-CD3 mAb <b). Spleen 
cells were harvested 2.5 h after treatment and total RNA was extracted 
as described. Five pgof RNA was electrophoreaed on agarose gel. trans- 
ferred to nylon membranes and probed with p M labeled IU4 mRNA. 
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Figure 9. CsA inhibits antl-CD3-tnduced IL-4 production in vitro but 
does not interfere with the ability or rIL-4 to Increase B cell la expression. 
Untreated (A) or Thy 1 -depleted [B) spleen cells were cultured for 18 h in 
the presence of the indicated stimuli and inhibitors at the following final 
concentrations: antl-CD3: 0.1 «g/ml: rIL-4: SOO V/mU UB1 1: 50 Mg/ml; 
CaA; 1.0 *ig/mi. After culture, cells were harvested and analyzed by dual 
parameter flow cytometry for surface LgM and la expression. Data are 
expressed as mean channel fluorescence of the surface igNT la* subpop- 
uUtlon (corresponding to B cells|. 

CD3 failed to induce IL-4 production in these T cell- 
depleted cultures, whereas rIL-4 was able to Induce an 
increase in la expression. This effect was not sensitive 
to CsA. indicating therefore that CsA only acts by inhib- 
iting T ceil mediated responses. Taken together, these 
data show that CsA is able to block the induction of {L-4 
synthesis by T lymphocytes, in agreement with its pre- 
viously demonstrated ability to inhibit IL-2 synthesis. 
Similarly, in vivo administration of CaA prevents in- 
creased la expression induced by anti-CD3 mAb. For 
these experiments, mice were treated with 25 mg/kg of 
CsA 18 and 3 h before antl-CD3 administration. As seen 
in Figure 10, CsA significantly impairs the anti-CD3- 
induced hyper la expression. 

DISCUSSION 

The major observation from this study is that IL-4 can 
be readily secreted by unprlmed CD4* CD8~ cells after 
TCR complex cross-linking, both in vitro and in vivo. 

The production of IL-4 was detected by the increased 
expression of class 11 determinants on B cells present in 
anti-CD3 activated cultures. This assay proved to be more 
sensitive than det ction of s luble IL-4 In supernatants. 
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Figure iO. CaA inhibits the increased la expression Induced in vivo 
by administration of anU-CD3 mAb. Mice were Injected with antt-CD3 
mAb as described. Croup I and group U mice were injected with anti-CD3 
mAb. group ID animals were left untreated. Group U animals were pre- 
treated with two injections of 35 mg/kg CaA aa described in Materials 
and Methods. Data are shown for Individual mice In each group and are 
expressed as the mean channel rtuorescence for la staining. 

a phenomenon consistent with the idea that IL-4 pro- 
duced in the culture is consumed by resident cells and is 
no longer available in the supernatant for detection. It is 
of note that a similar situation was described by Mizuocht 
et al. (32). who showed that 1L-2 production by allosti- 
raulated CD4~ CDS* cells can only be detected if 
IL-2 uptake by cells in the culture is prevented by the 
addition of anti-lL-2R antibodies. 

Antl-CD3-mediated activation in vitro induces CD4** T 
cells to produce IL-4. which in turn activates B cells to 
higher la expression. 

This conclusion is supported by the following obser- 
vations. 1) Anti-IL-4 mAb significantly impair the hyper- 
la expression, induced by anti-CD3 mAb. indicating that 
IL-4 is produced in vitro and is responsible for the ob- 
served B cell activation. 2) IL-4 producing T cells belong 
to the CD4*" CD8" subset. The possibility that endotoxins 
rather than IL-4 were responsible for the increased la 
expression has been carefully ruled out because 1) anti- 
IL-4 antibodies do not inhibit LPS-lnduced la increased 
expression and 2) high la expression requires lnsolubili- 
zation of anti-CD3 antibodies and the presence of CD4* 
cells. 

The rapid production of IL-4 in vivo after anti-CD3 
administration represents a novel finding. The data pre- 
sented show that antl-CD3 antibodies activate T cells to 
IL-4 mRNA transcription and probably IL-4 secretion In 
vivo, which in turn induce high expression of la deter- 
minants by B cells. Northern blot experiments show that 
mRNA specific for IL-4 can be detected as early as 3 h 
after anti-CD3 administration. Lack of hyper-la expres- 
sion In nude mice indicate that anti-CD3 antibodies must 
interact with mature T ceils to induce IL-4. Finally, in- 
hibition experiments performed in vivo with the 1 1B1 1 
anti-IL-4 mAb indicate that the lymphokine responsible 
for the hyper la expression is IL-4. The experiments show 
that inhibition by the 1 1B1 1 mAb is specific, because it 
only blocks B cell activation but docs not interfere with 
anU-CD3 induced T cell blastogenesls. 

These observations uggest that activati n of naive T 
cells to IL-4 production does n t require previous stimu- 
lati n and therefore raise questions concerning the role 
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and function of Th subsets* in mice; It is of not again 
that Th subsets In mice are bestdef Ined by the mutually 
exclusive production of lymphokine. We and others have- 
studied lymphokine release from total spleen cell popu- 
lations, and did not attempt to Identify lymphokine pro- 
ducers at the clonal level. However, for the sak of dis- 
cuss! n. we will assume that cells endowed with the 
ability to produce IL-4* belong to the Th2. subset. 

Although CD4*. IL-2-produdng cells can be readily 
identified in polyclonally or alios timulated cultures, 
many authors (12. 13) have reported that IL-4 could only 
be detected in supernatants of primed and restimulated 
cultures. In contrast, our observations indicate that cells 
able to synthesize IL-4 can be found in the preimmune 
lymphocyte pool both in vivo and In vitro, provided a 
sensitive assay Is used. Our data are in agreem nt with 
recent observations reported by several groups. Haya- 
kawa and Hardy (33) have used 2 mAb defining new c U 
surface Ag to identify four distinct subpopulations f 
murine CD4* ceils. Two of these populations show mu- 
tually exclusive production of lymphokines. Fraction I 
secreting IL-2 and Fraction III IL-4 after Con A stimula- 
tion. Interestingly, the authors report that only IL-2 and 
not IL-4 is detectable in the supernatant of unfracUon- 
ated CD4* lectin-stlmulated cells. Others, using in situ 
hybridization, have demonstrated that approximately 1 
of 300 to 400 spleen cells expresses IL-4 mRNA 24 h 
after stimulation by Con A (34). These observations and 
ours challenge the hypothesis recently proposed by 
Swain and colleagues (13) who observed that IL-4 secret- 
ing cells (thus assumed to be the equivalent of Th2 cells) 
could only be detected after priming. They sugge t that 
the inability to detect Th2 cells in the preimmune pool is 
not Just a reflection of their low frequency but implies 
that Th2 ceils require Th 1 -derived factors (such as IL-2) 
before they can mature into functionally active, lympho- 
kine-secreting cells. Our results would rather suggest 
that at least some Th2 cells can be found in the preim- 
mune population, and therefore raise the possibility that 
higher amounts of IL-4 produced in secondary stimula- 
tions may result from expansion of a preexisting pool of 
Th2 cells. This would imply that In contrast to IL-2- 
producing cells. Th2 cells undergo clonal expansion after 
Ag encounter. This possibility also suggests that Th2 
cells can be stimulated during a primary response and 
thus play a role in the early phases of B cell activati n. 
especially because it has been shown that IL-4 can act 
early in the response of resting B cells (35. 36). It has 
been shown for example that addition of IL-4 to LPS- 
3 timulated cultures induces uncommitted B lymphocytes 
to switch to IgGi and IgE secretion (37). 

However, before a def Initive conclusion can be reached 
detection of IL-4-producing cells should be attempted ir 
Ag-free animals, rigorously raised in pathogen-free con 
ditlons under irradiated diet. Before these experiment 
can be performed, we cannot exclude the possibility tha 
IL-4 is produced by T cells primed by environmental A| 
Data recently presented by Lewis et al. (38). who wer 
able to identify IL-4-secreting CD4* cell by in situ hybrid 
izatlon of human PBL polyclonally activated by Ca a " ic 
nophore and PMA support this hypothesis. The author 
have shown that most IL-4-producing T cells belong t 
the CD4* CD45R" subset, which is thought to be enrtche 
in memory T cells. 
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Alternatively, these cells may belong to the pool of 
internally activated, large T cells that exist also in Agr 
fre animals. These cells may represent regulatory cells 
specific for self determinants (MHC products r Ag recep- 
tors on B and possibly T cells) as suggested by Pereira et 
al. (39). 

As antl-CD3 mAb activates all T cells in an Ag-ind - 
pendent manner, it is of no surprts that production of 
several lymphokines is induced. Hirsch et al. (40) recently 
showed that mice receiving injections with antl-CD3 mAb 
displayed IL-3 activity in their serum and some of us have 
sh wn that IL-2. IFN-7. and TNF-or could be detected in 
the circulation after the first injection of the anti-human 
CD3 mAb OKT3 in kidney transplant recipients (41). In 
this report we extend these observations and show that 
1L-4 is also produced after antl-CD3 administration. This 
release of lymphokines may explain some of the early 
side effects associated with OKT3 administration In hu- 
mans and therefore deserves some attention (41. 42). 
These considerations prompted us to evaluate the effect 
of CsA on the production of 1L-4 induced by the anU-CD3 
mAb. Our observations indicate that CsA is able to block 
1L-4 production both in vitro and in vivo, extending thus 
to bulk* populations data generated with a T cell clone 
(34). 

Lymphokine release In the periphery may have multi- 
ple effects on the host immune system. In particular, we 
demonstrate here that anti-CD3 administration in vivo, 
thought to be exquisitively specific for the T cell com- 
partment, affects the B cell subset through 1L-4 produc- 
ti n. B cells that express higher levels of la have been 
demonstrated to be more efficient APC (43). to be more 
responsive to T cell-derived help (44). and also to form 
better aggregates with T cells (45). These modifications 
could represent an important cofactor in the generation 
of anti-OKT3 antibodies often observed in the serum of 
patients undergoing OKT3 therapy (46). 
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Anti-CD 3- induced in vivo T cell activation 
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Cytolrine-related syndrom f llowing injection of 
anti-CD3 mon clonal antib dyt further evidence 
for transient in vivo Tell activation 

In vivo injection of the hamster anti-murine CD3 monoclonal antibody 145 2C11 
into BALB/c mice induces a massive systemic release of several ^^*^ r / 
Sh^culating levels of tumor necrosis factor are detected both by enzyme- 
i&SbSSSSH assay and L-929 bioassay 90 nun following a single 
Secti 0 rof 10 ug/mouse 145 2C11. Peak circulating levels of «1«JT 
ceU-denved mtxScts such as interferon-Y. interleukin 2 and interleukin 3 are also 
oteSffi S 8b post-injection. Importantly, this cytokine^ release u 
Jrawieot since none of these cytokines are still present 12 to 24 h post- 

KSallel to cytokine release, 145 2Cll-treated mice (10 ug/mouse) exhibit 
somSnce ^ h^mcSi^quaitified by actimetry). hypothermia, diarrhea and 
pu«Son: SS doJge'the physical reaction is -^SSSSS 
mi« bv 48 h oost-iniection. Severe but again reversible anatomopatnoiogicai 
£n£ are aS observed: massive cellular depletion, f^tefofth^un? 
tymphoid organs, leakage syndrome and ^^f^i'Sr 
in vacuolization necrosis and vascular congestion of the liver. 
M SSSSSSSto the clinical and immunological -"f^"^"* 
^ induSd reactionin patients and, thus, provide an invaluable experimental 
tool to study its mechanisms and explore its prevention. 



Si 
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1 Introduction 

The hamster mAb 145 2C11 that specificaUy recognizes the 
e chain of the murine CDS molecule is a potent immuno- 
suppressant. Thus, when adininistered in vivo it significant- 
ly Jrolongs skin allograft survival (l-2].The antibody exerts 
its immunosuppressive effect by inducmg, m a dose- 
dependent manner, both depletion of CD3+ cells and 
antigenic modulation of the CD3/TcR (TO molecular 
complex without physical disappearance of the cells 
13^1- 

When injected in normal adult mice. 145 2C11 induces an 
impressive first-dose-related acute, sickness whose most 
characteristic signs are somnolence. hyp? reac ^?\*?*" 
rhea and massive piloerection.This reaction, which is lethal 
within a few hours when high antibody doses are used 
(>100ua/mice), is highly reminiscent of the complex 
clinical syndrome observed in human allograft recipients 
receiving the anti-CD3 mAb OKT3. This latter reaction 
that essentially includes high fever; chills benches and 
gastrointestinal symptoms is only observed after the first 
OKT3 injections. Although this systemic syndrome is 
spontaneously reversible it represents one major side effect 
associated to the clinical use of PKT3 [5-7] We have 
recently shown that in patients this reaction correlates witb 
massive, although transient, release in the circulation of 
various cytokines including TNF and exclusively T cell- 
derived products like IFN-y and IL2 [8-10]. 

j [17914] 

Corapondence: Lurienne Chatenoud. INSERM U25. Hopital 
Necker, 161 Rue de Sevres, F-75015 Pans. France 

Abbreviations: CM: Culture medium iMu: Recombinant mu- 
rine VSV: Vesicular stomatitis virus . HCSA: Histafmne-pro- 
dueing cell-stimulating activity GM-CSF: Granutocyte/M<P- 
CSF .J 
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In this report the physical and biological charactensticsj 
Se murine reaction induced by US 2C11 have been 
dissected to give a better delineation of its role and its 
physiopathology. 

2 Materials and methods 



2.1 Mice 

Five-to seven week-old BALB/c DBA/2 and nu/nu £wiss 
mice were from Iffa Credo (Les Tjn... F^^XS 
herefrom the Centre National de la Recherche Scienrifique 
(CNRS) animal facilities (Orleans, France). 

2,1 mAb and treatment schedules 

145 2C11 is a hamster IgG mAb [1] sperific ; for the murine 
CD3 e chain . GK1.5 is a rat (anti-mouse CD4) mAb mitially 
charettSd by Dialynas et al. [11). mAb-contamu,g 
S wer^P Juced uTirradiated (250 rad) DBA/2 mice 
for 145 2C11 and in nude mice for GK1.5. Ascites w re 
P^iedb^meansof 50% ^^RA^Tm^ were 
DEAE ion-exchange chromatography f^f™^^ 
Siected i-v. witb a single 10-ug dose of 145 2C11 or GK1.S 
Sufed in saline (100% total injeaed volume). ^ce only 
injected with 100 nl saline were studied as controls in 
actimetric studies. 

23 Evaluation of motor activity 

The motor capacity of each singl mouse was measured 
by mSms of L actimetric device This instrument u a 
Photocell counter initially described by Dews etaL[12.13J 
wifely red to study pharmacological modulation of either 

<m4-2980/9W0303-0509S02.50/0 
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motor capacity or behavioral attitudes [13-15J-. Each 
actimetric device includes six translucent (plexiglass) boxes 
(26 x 21 x 10 cm). One centimeter above each box 
support, two photoelectric cells are mounted at a 90° angle. 
Thus, each tim the mouse crosses one of the two light 
beams an interruption is recorded by the photo cell. M tor 
activity of each mouse may then be quantitated as the sum 
of the recorded photo cell light interruptions in a prede- 
fined tim interval. 

In all experiments, actimetric measurements were per- 
formed during the first 30 min after placing mice within the 
boxes. This time corresponds to a first phase of "recogni- 
tion" of the surrounding medium and well reflects the 
overall receptive and reactive capacity of the animals. 
Actimetry was performed before and at 4, 24 and 48 h 
following the injection of each tested mAb. In all experi- 
ments mice were marked so that: (a) at each time point a 
given mouse was introduced in a different box to avoid 
habituation to surrounding environment and, (b) longitu- 
dinal analysis of each single animal could be performed. 



2.4 Body temperature and diarrhea 

In all experiments, mice were kept at a 22 °C to 24 °C room 
temperature- Rectal body temperature was serially 
recorded before each actimetric study by means of anelec- 
ironic heat-sensitive micro thermometer (Thermalet,TH8; 
Bailey Instruments). Body temperature was measured 30 s 
after introducing the rectal probe for approximately 1 cm. 
This procedure was repeated before and at 4, 24, 48 and 
72 h following the injection. Diarrhea was scored as present 
or absent at the same time points detailed for body 
temperature. 



2.5 Cytokine assays 

Blood samples were drawn before and at 90 min, 4 t 8 and 
24 h following the mAb injection. Blood was collected at 
4 °C in aseptic tubes devoided of additive and LPS free (as 
assessed by limulus assay). After clotting, sera were 
immediately recovered by centrifugation at 4°C and au- 
quots were stored at -80°C until tested for cytokine 
activities. All mouse groups were monitored longitudinally, 
sera being pooled from the same mice after collection at the 
various time points. 



2.7 iLt • 

The proliferation of the human astrocytoma U-373 cell line >l 
was used to test IL I activity according to the method'- 
described by Lachman et at [19]. rMu IL I was used to set 
up the reference standard curve. Circulating ILl 
assessed in our model in both mouse sera and plasma 
[(plasma was drawn in EDTA-supplemented tubes (LPs 
free)] after a double chloroform extraction [20], In our 
hands neither TNF nor IL 2 had any proliferative effect on 
U-373 ceils. 



2.8 IFN 

IFN was assessed by measuring the inhibition of the 
cytopathic effect exerted by the vesicular stomatitis virus 
(VSV) on Res.L-929 cells that are a particular sublin of 
L-929 cells resistant to the cytotoxic effect of TNF. The test 
was performed as described in detail elsewhere [21]. Cell 
viability was assessed 24 h later, microscopically and by 
crystal violet staining. Partially purified IFN ct/p (kindly 
given by Dr. I. Gresser, Villejuif f France) was used as a 
reference preparation. For inhibition experiments, sera 
were preincubated 1 h at 37 °C and 1 h at 4 °C, at different 
dilution starting 1/20 with the appropriate concentration of 
the hamster anti- murine IFN-y mAb H-22 before assessing 
the antiviral activity. 



2.6 TNF 

TNF was measured in parallel by means of a bioassay using 
1^929 mouse fibroblasts and a specific ELBA. TNF bioas- 
say was performed as described elsewhere [16, 17]. Recom- 
binant murine TNF (rMuTNF) was used to set up the 
standard curve [16, 17]. Viability was assessed both micro. 
scopicaUy and by vital dye uptake. The technique used for 
TNF ELBA has already been reported in detail [18]. 
Briefly, ELBA microplatcs were precoated with theTNF- 
specific hamster mAbTN3-19.1Z One huudred-microhtcr 
serial dilutions of test samples were added for 1 h at 23 C 
and the binding revealed by means of a rabbit anti-rMuTNF 
serum. rMu TNF was used as a standard. 



2.9 IL2 

IL2 activity was tested on the IL 2-dependent murine 
cytotoxicTccU line (CTLL-2) as previously described [22]. 
Reference curves were set up by using both natural and 
recombinant IL2. Inhibition tests were performed using 
two specific anti-Mu IL 2R mAb: 5 A2 and PC61. For these 
experiments serial sera dilutions (starting 1/30) were prein- 
cubated 1 h at 37 °C and then 1 h at 4 °C with either the 5 A2 
or PC61 mAb at the appropriate concentration, before 
assessing the proliferative capacity on CTLL-2. 

2*10 IL 3 and granulocyte M<& CSF (GM-CSF) 

EL 3 and GM-CSF activities were assessed by means of the 
histamine-producing cell-stimulating activity (HCSA) < 
measures the histamine released by C57BL/6 BM cells in 
response to the tested sera [23]. Histamine determination is 
performed by an automated fluorimetric method J24J in 
our hands 1452C11 exhibited minor HCSA.Thus, HCSA in 
the sera of 145 2CU-treated mice were correct d [for this 
background values. Inhibition tests were performed oy 
preincubating 3h at 37 "C serum samples with < sp ectfc 
JolTclonal anti-Mu EL 3 and/or GM-CSF antibodies (ant 
Mu IL 3 is a kind gift of Dr. Ziltener, Vancouver; anti-Mu 
GM-CSF is a kind gift of Dr. Mermod, Biog n). 



2.U Histological studies 

Mice were killed before and at 24 and 48 h following 145 
2CU injection. The different organs studied 
diately taken, fixed in Dubosq Brazil fixative, «J^<™ * 
50% paraffin and 50% paraplat. A standard stain witn 
hematoxilin eosin safran was performed. 
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2,U Statistical method* 

Variations of mousemotor activity with time, *«ordir* * 
<he treatment administered, was analyzed ^^f^i 
variance (ANOVA) and repeated measures [251- iWwc 
^Twcre used to delineate temporal differences between 
3? pUcebo at each time [26]. The analyse was 
Sousing NCSS software [25]. All th other statistical 
analysis were performed using Student's r-test. 



5il 



3 Results 

3 A Physical reaction induced by 145 2C11 injection 
3.1.1 Clinical assessment 

All mice injected with 145 2C11 showed an impressive, 3.2.L2 ELISA 
, aUh ugh reversible, physical syndrome assoaatmg ,a wide 
: variety" symptoms as soon as 1 h foUowing the injection. 

Mice were somnolent, hyporeactive and JP»«^ ^PjT 

thennia diarrhea and piloerection. At higher 145 2C11 
" S th!s reaction oiay be lethal. Single unecdons of 

doses of 145 2C11 > 50 ug were associated with high 
■ mortality {Le. 50% mortality 2-3 days after an injection of 
; . 50 ug; 80% mortaUty at 2 days following one mjecuon of 
• 100«; 100% mortality at 2 days following one injection of 
I 400 |ig). 

3.1.2 Actimetric evaluation 

At time 0, before treatment, normal BALB/c mice showed 
frS motor activity of 372 ± 19 (mean ± SDl)»n> 
mcnts per 30 min (mvts/30). Statistical ^analysis _ usi ng 
ANOVA. with repeated measures showed I that ™ce behav- 
* ioral activity was significantly decreased after 145 2CU 
treatm nt (p < 0.0001). Post-hoc tests were 
analyze motor activity at each time pomt and showed a very 
sigmfiomt decrease at 4h foUowing a 10-ug 145 2C11 
: injetion (p < 0.0001) (Fig. 1). The minor decrease m 
, motor activity expressed at 4 h in the control group (mice 
injected with saline) was nonsignificant and d« to mouse 
"habituation" to the surrounding environment, reuinjna- 
ry experiments (data not shown), using serial measure- 
■ ments at 1, 4, 5, 7, 8, 24 and 48 h following W5 2CU 
iniection revealed that the reaction was the most intense at 
i X po« injection. Hypomotility of 145 2CU : «ated mice 
: wasrtiU significant at 2* h post-m,ection. Mice started to 
T recover at 24 h post-injection and normal motor activity 
was regularly evidenced 48 h post-injection. 



* '<~l Ajiti-033-uiduced.w wrvoTcell activation 

33T Cytokine release in 145 2Cll-treated mk 

■ ..v^.;-:;v;.-.\. ... ,} ... 
3A1 TNF • 



3.2.1.1 L-929 bioossuy 

TNF was not detected before 145 2C11 injection in the sera 
f BALB/c mice. In our hands, the first serum dilution used 
(1/20) did not provoke nonspecific cytotoxicity on L-*«> 
cells. By 90 min foUowing 145 2C11 injection a very 
significant increase in circulating TNF was observed m aU 
mtoTCmean ± SEM: 64 ± 9.8 U/ml). Fig. 2 shows the 
results obtained with five different representative serum 
samples, each consisting of a pool of five different mouse 
^Importantly, the kinetics of TNF release was very 
sharp No activity could be detected in any serum drawn at 
4, 8 and 24 h after the 145 2C11 injection. 



Concordant results were obtained: a peak of TNF was 
oteerved in three out of the five pooled sera 90 min 
^-injection (mean ± SEM: 1.18 ± £ 
important to note that both the bioassay and the ELISA 
may detect TNF and lymphotoxm. 

3.2.2 IL1 . 

None of the BALB/c sera or plasma tested by means of the 
U?3^ ceUs bioassay was able to induce proliferation even 
when a double chloroform extraction was performed. 




o u. ST «» "» 



3.L3 Hypothermia and diarrhea 

Rectal temperature was measured before each ^^etric 
study. A significant reduction in body temperature 
(p < 0.<»01)was noted in all anti-CD3-treated ^nucej at 4 h 
post-injection. This hypothermia was still 
24 o. Recovery started at 48 h and was complete by 72 h 
post-injection (Fig. 1). Dianhea was transientiy present in 
aU anti-CD3-treated mice. It was first recorded by 4h 
post-injection and had disappeared by 24 h. 



• Berry, L. J., ft* ?roc. 1966. 25: 1264. 
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Figure 2. Scrum TNF (a) and IFN-y (b) levels in 145 2Cll-treated 
BALB/c mice. Five groups of five mice each were tested longitu- 
dinally at each time point. All Ave groups were positive for TNF in 
L-929 bioassay 90 rain following 145 2C11 injection. Values ranged 
40 to 80 U/ml with a mean of 64 ±9 U/ml (mean ± SEM). IFN-y 
was detected 90 mio to 4h after the injection, levels ranged 
7 ± 2 U/ml (mean ± SEM) at 90 min and 10 ± 3.16 U/mi at 
4h. 



3.23 INF-y 

A subline of L-929 mouse, Res L-929, that is resistant to the 
cytotoxic effect of TNF was used to detect IFN, Even at the 
highest concentration used (1^20), none of the sera showed 
an intrinsic cytotoxic activity on Res.L-929 cells. Before 145 
2C11 treatment no detectable anti-viral activity was 
observed. Following 145 2C11 injection a very significant 
increase in such activity was evidenced depending on the 
samples, peak levels (> 15 U/ml) were reached between 
90 min and 8h post-injection (Fig. 2). By 24 h t in all 
experiments, none of the serum samples showed any 
residual antiviral activity (Fig- 2). Using the anti-Mu IFN-y 
mAb H22, 100% inhibition was noted in all positive 
samples (data not shown). 



3*2.4 IL 2 

Before 145 2C11 injection, normal BALB/c mice sera did 
not induce any proliferation of the CTLL-2 cells. 145 2C11 
by itself did not either induce any proliferation of the cell 
line. At 90 rain and 4 h following 145 2C11 injection all sera 
triggered CTLL-2 proliferation (Fig. 3). As with the other 
cytokine activities tested, the release was transient and sera 
drawn at 8h post-injection did not show any residual 
activity (Fig- 3). Inhibition experiments performed using 
two different anti-Il 2R mAb (PC61 and 5A2) confirmed 
that all the detected activity could be abolished by such 
treatment (data not shown). 



3.2.5 IL 3 

Before treatment none of the sera showed any detectable 
IL 3-mediated activity. Significant HCSA were detected at 



Eur. J. Immunol. 1990. 20: 509-515 

4 and 8 h after 145 2C11 injection. This activity completely 
disappeared by 24 h post-injection (Fig. 3). Inhibition 
experiments showed 78% inhibition of the detected HCSa 
using the anti-EL 3 antisera while no significant inhibitory 
capacity could be obtained with the anti-GM-CSF antbera 
(data not shown). 



3.3 Histopathologic^ abnormalities 

Lymphoid organs namely, thymus, spleen and LN as well as 
non-lymphbid organs namely, liver, lung, digestive tract, 
heart and Iridney were examined. Before 145 2C11 injec- 
tion, all organs were normal (Figs. 4 and 5). Conversely, 
24 h after the injection, severe microscopic modificati ns 
were noted in lymphoid organs (important cell necrosis and 
edema), and non-lymphoid organs: lung presented severe 
alveolar congestion, leakage syndrome and cellular infil- 
trates; liver showed severe sinusoidal congestion, her)ato- 
cyte vacuolization and bouts of focal tissue necrosis (Figs. 4 
and 5). Digestive tract presented moderate capillary con- 
gestion and submucosal edema. Neither the heart nor the 
kidney were modified. 



3.4 Physical reaction and cytokine release in GK 1.5 
(anti-CD4)- treated BALB/c mice 

To exclude that the effects observed following 145 2C11 
injection were related to eventual LPS contamination of the 
preparation we used as controls BALB/c mice (10 jig/mouse 
i.v.) treated with another anti-Tcell mAb namely GK1.5 
isolated from ascites fluid by means of the same purification 
procedures used for 145 2C11. In all mice, GK1.5 was well 
tolerated; no physical reaction was observed in any of them. 




Figure 3. Serum IL 2 (A) and IL 3 (B) levels in 145 2Cll-rrcatcd 
BALB/c mice. IL 2 (mean ± SEM) values after 145 2C1 1 injection: 

3 ± 0.88 U/ml at 90 min and 0.9 U/ml at 4 h. No IL 2 is detected 
thereafter. IL3 (mean ± SEM) values after 145 2C11 injection 
(HCSA U/ml): 323 ± 74 U/ml at 4 h, 271 ± 15 U/ml at 8 h and 

4 U/ml at 24 h (one sample tested representing a pool of five 
different groups). 
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Fi g ure 4. Microscopical analysis of lymphoid organs: (a) thynnis (x 230) and (c) spleen (x 100) before , MS ™£^™Z£* 
snowingnorcurt architecture a^ 

consisting of major ceU necrosis, capillary congestion dissociating edema (arrows) and M* infiltration in spleen (arrow). 



Moreover, none of the various tests described above could 
evidence any systemic cytokine release following GK1.5 
injection (data not shown). 



| 4 Discussion 



i 



Anti-CD3 mAb are probably among the most potent 
immunosuppressive agents available and some of them are 
presently largely used in several transplantation centers 
either to prevent or treat allograft rejection [4-7]. Contrast- 
ing with their profound immunosuppressive potency anti- 
CD3 mAb express very significant, although transient, in 
vivo activating properties. The present results show that a 
single 10-fig injection of the anti-mouse CD3 mAb namely, 
145 2C11 induces a bulk release of various cytokines in the 
systemic circultion. Thus, a peak of circulating TNF was 
detected 90 min after antibody injection by using both a 
bioassay and a specific ELISA.ThisTNF release presented 
sharp kinetics: i.e. levels were undetectable by 4 h post- 
injection. 

Importantly, exclusively T cell-deriv d products were 
detected in the semm of treated mice. Significant antiviral 
activity was observed at 90 min and 4 h following the 
injection. Given the described presence of TNF in the sera 



at 90 min, this antiviral activity was assessed by using a 
subtype of the L-929 cell line that is resistant to the 
cytotoxic effect of TNF. Inhibition experiments using a 
specific anti-IFN-Y mAb demonstrated that this was the 
cytokine mediating the observed antiviral activity. Similar- 
ly, at 90 min and 4 h post-injection, sera from 145 2C11- 
treated mice induced significant proliferation of CTLL-2 . 
cells that was IL2 mediated, as assessed in inhibition 
experiments using specific anti-IL 2R mAb. The presence 
of circulating EL 3, 90 min to 8 h following 145 2C11 
injection was assessed by evaluating HCSA. Since HCSA is 
known to be mediated by either IL3 or GM-CSF [23], 
specific mAb were used to identify the cytokine responsible 
for this activity in the sera of treated mice. 

All these results f ully confirm and extend previous data 
obtained in OKT3-treated renal allograft recipients [ft-lO]. 
In such patients, the massive cytokine release gives nse to 
an acute clinical syndrome characterized by fever, chills, 
headaches, diarrhea, vomiting and seldom hypotension and 
respiratory distress [4-7]. We have observed a similar 
physical reaction in 145 2Cll-treated mic . This reaction 
was quantitated in mice by monitoring body temperature 
and motor activity (using an actimetric device). Four hours 
f Uowing one single injection 145 2Cll-treat drruc exhib- 
ited a very significant decrease of the body temperature. An 
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Figure 5. Histological analysis of both lung and liver shows major lesions 24 b after 145 2C11 injection, (b) Lung ( x 400) presented severe 
alveolar congestion, cell infiltration with RBC leakage (arrow) and even vascular thrombosis (arrow), (d) Liver (x 400) showed severe 
sinusoidal congestion, hepatocyte vacuolization and bouts of focal tissue necrosis (arrow). Normal lung and liver tissues are shown in (a) 
(x 400) and (c) (x 250). 



impressively reduced motor capacity was also observed that 
reflected well the lethargic state of the animals. Important- 
ly, as in OKT3-treated patients, in mice the 145 2C11- 
induced physical syndrome was spontaneously reversible 
[4-7], Elements strongly suggesting a cause-effect relation- 
ship between the cytokine release and the systemic clinical 
syndrome described are: the superimposable kinetics of 
both phenomena and the similarity between anti-CD3- 
induced symptoms and the ones reported following in vivo 
injection of recombinant TNF [27], DFN-y [28] and TL2 
[29]. Moreover, we recently obtained preliminary data in 
mice showing that injection of mAb specifically directed to 
the involved cytokines (in adequate amounts and timing) 
before 145 2C11 administration may prevent the reac- 
tion. 

The described murine model also demonstrated that the 
cytokine release induced by one single low dose of anti-CD3 
mAb is sufficient to provoke important anatomopatholog- 
ical abnormalities on both lymphoid and non-lymphoid 
organs. Cellular necrosis and edema were observed in the 
spleen and LN. Direct cell labeling showed that, at least at 
these dosages, only partial CD3+ T cell depletion was 
achieved; the remnant T lymphocytes showing antigenic 
modulation of CD3/TcR molecular complex (data n t 
shown). Conversely, in the thymus, whOe cortical areas 



disappeared (probably due to the antibody induced stress, 
i.e. endogenous corticosteroids release), non-ant igenicaily 
modulated T lymphocytes expressing the mature pheno- 
type (CD3+CD4* or CD3 + CD8 + ) were still detected. The 
hypothesis that this anti-CD3-mediated effect on thymus is 
more related to systemic massive release of central or 
peripheral stress hormones than to a direct action of the 
mAb, is at present being explored. 

Concerning non-lymphoid organs, one must underline the 
major effect of 145 2C11 on both lung and liver which are 
highly reminiscent of chose described in detail by Thlmadg 
et al. [30] following in vivo treatment with TNF and/or 
TFN-y. 

It remains difficult to determine the precise origin of the 
cytokines produced following 145 2C11 mAb administra- 
tion. Two main cell source(s) may be envisioned namely, 
monocyte/MQ and T cells. Triggering of monocytes/M<D 
activation that occur through opsonization and subsequent 
lysis of anti-GD3-coated T cells does not seem t represent 
the only cellular compartment contributing to the cytokine 
release. In fact, other anti-Tcell (anti-CD4 and anti-CD8) 
mAb inducing opsonization and/or depletion that have 
been used in vivo, in several experimental models as w U as 
in humans, d not provoke the impressive cytokine release 
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observed with anti-CD3 mAb [31-33], confirming the 
results obtained using the GK1.5 mAb. Moreover, exclu- 
sive monocyte/M* activation, as th on induced by in vivo 
ioj^rionofLPSleadstosystemicrelease fTNFbutn tof 
TceU-related cytokines [34] nam ry, EFN-y, IL 2 and IL 3, 
as found with 145 2C11. Finally TNF, although b ing a 
maior M*-derived product, may also be produced by 
and-CD3-stirnulated Tcells [35, 36].This model provides a 
unique tool to approach different practical and fundamen- 
tal issues related to clinical use of anti-CD3 mAb. Notably, 
they will offer an easy way of testing the effectiveness of 
various therapeutical regimens (such as: corticosteroids 
(37, anti-cytokine antibodies, anti-cytokine receptor 
antibodies, cyclooxygenase inhibitors) in preventing the 
anti-CD3-induced cytokine release and related physical 
syndrome. In fact, this reaction is one major pitfall 
preventing extension of OKT3 treatment to clinical settings 
other than transplantation (namely, autoimmunity). Addi- 
tionally, they will give further insight into the physiology of 
the cytokine cascade and the various synergims [39-47] and 
; feed-back mechanisms that exist between these different 
molecules, t 
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Hypothermia and hypoglye mia induced by 
anti-CD3 mon clonal antib dy in mice: role of 
tumor n crosis factor* 



The possible involvement of tumor necrosis factor-a (TNF) in the metabolic 
disturbances induced by anti-GD3 monoclonal antibodies (mAb) was analyzed in 
DBA/2 mice injected with 50 ng of the anti-murine CD3 mAb 145-2C1 1 . First, we 
found that 145-2C11 induces a profound hypothermia maximal between 3 h and 
6 h after the injection (at 3 h: - 3.0 ± 0.1 °C) as well as hypoglycemia (blood 
glucose levels at 6 h and 24 h: 76 ± 13 mg/100 ml and 92 ± 22 mg/100 ml, 
respectively, p < 0.001 as compared with control values). These metabolic 
changes are preceded by the release of TNF into the circulation (peak serum TNF 
levels at 2 h: 50 ± 23 pg/ml, p < 0.01 as compared with controls). The release of 
TNF induced by 145-2C11 depends on the effect of the mAb on Tcells as it is not 
observed in athymic nude mice while lipopolysaccharide-rcsistant C3H/HcJ mice 
also display a significant rise in serum TNF (peak levels at 2 h: 59 ± 44 pg/ml). 
Pre treatment of DBA/2 mice with 12 mg of rabbit anti-murine TNF antibodies 
completely prevents the hypothermia while the hypoglycemia is significantly 
attenuated. Finally, F(ab h fragments of 145-2C11 induce only a transient 
hypoglycemia (blood glucose levels at 6 h: 109 ± 14, p < 0.001 as compared with 
controls) but neither hypothermia nor significant TNF release. We conclude that 
TNF is a major mediator of the acute metabolic changes induced by the intact 
form of 145-2C11. 
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1 Introduction 



2 Materials and methods 



mAb directed against the CD3 complex of T lymphocytes 
represent potent immunosuppressive agents both in vitro 
and in vivo [1-4]. Before inhibiting T cell functions, they 
induce a transient Tcell activation resulting in the release of 
different cytokines [5]. Indeed, we and others recently 
observed high serum levels of TNF- a, IFN-v and IL 2 in the 
hours following the first injection of OKT3 in kidney 
transplant recipients [6, 7]. Thus, the well-known first-dose 
reactions commonly experienced by OKT3-treated 
patients [2, 3] could be mediated by cytokines. 

The availability of an anti-mouse CD3 mAb (145-2C11) 
which shares many properties with OKT3 [8] allows the 
experimental investigation of the acute metabolic changes 
induced by this type of mAb. In the present study, we 
observed that mice injected with the 145-2C11 mAb 
develop acute hypothermia and hypoglycemia in associa- 
tion with the release of TNF in the circulation. In order to 
determine the role played by TNF in the pathogenesis of 
these metabolic changes, we analyzed the effects of the 
administration of rabbit anti-TNF antibodies prior to the 
injection of 145-2C11 mAb. 
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n Mice 

Six to 9-week-old female mice of DBA/2, nulnu and nu/-h 
strains were obtained from Iffa Credo (LIArbresle , France) . 
LPS resistant C3H/HeJ mice were purchased from Olac 
(Bicester, GB). 



2J2 Production and purification of anti-CD3 mAb 

The hamster mAb 145-2C11 directed against mouse CD3 
[8] was prepared from culture SN of 145-2C11 hybridoma 
cells by affinity chromatography on protein A-Sepharose 
(Pharmacia, Uppsala, Sweden). 

F(ab') 2 fragments of 145-2C11 mAb were prepared by 
incubating purified mAb with pepsin (Worthington, Free- 
bold, NJ) at a ratio of 100:2 (w:w), in 0.1 M sodium 
acetate buffer, pH 4.5, for 20 h at 37 °C The pH of the 
solution was then adjusted to 7.4 with 1 M Tris-HCl before 
dialysis against PBS for 24 h. Undigested mAb was 
removed by adsorption on protein A-Sepharose. The 
purified F(ab')j fragments were shown by gel electropho- 
resis and ELISA using a mAb specific for the Fc portion of 
the 145-2C11 (clone AH6, generated in our laboratory) to 
contain < 1% of intact IgG; in addition, they were unable 
to induce spleen cell proliferation in fluid phase [9]. The 
immunosuppressive potential of these F(ab')i fragments 
was maintained in vivo as their injection induces a major 
depression in cytolytic Tcell activities against alloantig ns 
(data not shown). 
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. 70& . : M. Atcgre. R Vandenabeeie, V. Flamand ct al. 
23 Rabbit anti-TNF antibodies 

Rabbit anti-murine TNF IgG antibodies (6 x 1(P neutral- 
izing units/mg) were a kind gift from Dr. E. A. Havcll 
(Trudeau Institute, SaranacLake, NY).Th IgG fraction of 
a pool of normal rabbit serum was purified by ion-exchang 
chromatography and used as control. 

2.4 Measurement of blood glucose levels 

Blood glucose levels were determined using a standard 
micromethod with Glucostix strips and Glucomcter II M 
(Maes Laboratories, Elkhart, IN). 



Eur. J. Immunol. 1990. 20: 70T--i^ 

3 Results , 

3.1 Hyp thermia after injection of 14S-2C1I mAb 

As shown in Fig. 1, intact 145-2C11 induced a profounU 
hypothermia maximal between 3 and 6 h after the injection 
(mean ± SD at 3 h: - 3.0 ± 0.1 °C, p < 0.001 as compared 
with preinjection temperatures). In contrast, variati ns in 
temperatures after injection of either control hamster Ii»G 
or F(ab')i fragments of 145-2C11 mAb were always < f : (* 
(Fig. 1). The hypothermia induced by 145-2C11 mAb 
transient as temperatures measured at 24 h were similar in 
all groups of mice. 



2.5 Determination of TNF serum levels 



3.2 Induction of hypoglycemia by 145-2CU mAb 



The serum levels of TNF were determined by a cytotoxicity 
assay on actinomycin-D-treated WEHI-164 clone 13 cells 
[10], the num ber of surviving ceils being determined by the 
use of MTT tetrazolium (M-2128, Sigma Chem. Co., St: 
Louis, MO) [11]. Briefly, WEHI-164 clone 13 cells were 
trypsinized and seeded in Oat-bottom microtiter plates at a 
concentration of 3 x lOVlOO ui medium in each well. 
Twenty-four hours later, serial dilutions of the serum 
samples were added in the presence of actinomycin D at a 
final concentration of 1 pg/ml. After 18 h of incubation at 
37 °C, 20 ul of MTT (5 mg/ml) were added before a further 
incubation for 6 h at 37 °C After the addition of 10% 
SDS-0.01 M HQ, the plates were incubated overnight and 
the absorbance at 590 nm was measured by a mul dwell 
scanning spectrophotometer. Results were expressed in 
pg/ml by reference with the cytotoxic activity of a standard 
preparation of recombinant murine TNF expressed in 
£. coli [12]. The latter had a specific activity of 7.5 x 10 7 
U/mg measured on L-929 cells, 1 U corresponding to the 
amount of murine rTNF able to induce 50% of the maximal 
cytotoxicity (the same TNF preparation exhibited a 40-fold 
higher specific biological activity on WEHI-164 clone 13 
cells). 

2.6 Experimental protocol 

In a first series of experiments, DBA/2 mice were injected 
i.v. either with 50 ug of intact 145-2C11 mAb or with an 
equivalent molar amount (33 tig) of F(ab')2 fragments. As, 
control, a group of mice received an i.v. injection of 50 ug of 
hamster IgG purified from a pool of normal hamster serum | 
Rectal temperature was sequentially measured by a digital 
thermometer during the 24 h after the injection of the 
different antibody preparations and serial blood samples 
were obtained by retroorbital puncture for determination 
of serum TNF levels and blood glucose levels. In order to 
analyze the role of TNF in the metabolic disturbances 
induced by intact 145-2C11 mAb, a group of mice received 
an i.v. injection of 12 mg of anti-TNF antibodies 90 min 
before the administration of the mAb. Another group of 
mice was pretreated with the same amount of control rabbit 
IgG. 

2.7 Statistical analysis 

Comparison between groups were done by the Student's 
f-test for blood glucose and serum TNF levels and Wilcox- 
on's rank sum test for rectal temperatures. : 



DBA/2 mice injected with intact 145-2C11 mAb developed 
a marked hypoglycemia which persisted 24 h after i!k 
injection (Table 1). A decrease in blood glucose levels wun 
also observed 6 h after the injection of F(ab')2 fragments oi 
145-2C11 mAb. However, rhis hypoglycemia was signifi- 
cantly less intense than after administration of the intact 



Table 1. Blood glucose levels after injection of 145-2C11 mAb 



Antibody 

preparation 

Intact 145-2C11 
F(ab / ) 2 145-2C11 
Control^ 



Blood glucose levels 
; (mg/100rnl)«) 
bfr; 24 b 



11 
5 
13 



76 ±:13 b ) 
109 ± 14 fi ) 
140 ±12 



. 92±22"« 
159 ± 17 
153 ± 21 



a) Measured 6 h and 24 h after injection of 145-2C11 (mean i 
SD); normal values in un injected mice were 147 ± 24 mg/lW 
ml (* = 56). 

b) p < 0 001 as compared with F(ab'>2 145-2C11 and control 
hamster IgG. 

c) IgG purified from normal hamster serum, 
c) p < 0.001 as compared with control. 



TEMPERATURE 




HOURS 



Figure L Rectal temperature in DBA/2 mice injected either 

50 Kg of intact 145-2CU (• ), 50 >ig of control bamster igu 

(A — A) or 33 ug f F(ab')! fragments of 145-2C1 1 (O O). 

point represents the mean (± SD) of 5 to 32 mice. * p< « * UI . 
compared with mice injected with control hamster IgG <> r N 
F(ab') 2 145-2C11. 
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mAb and was transient since blood glucose levels had 
returned to normal values at 24 h . On the other hand, blood 
glucose levels remained stable after injection of control 
hamster IgG and similar to those of uninj cted mice 
(147 ± 24 mg/100 ml). 

33 TNF senun levels after injection f 145-2C11 mAb 

As shown in Fig. 2, intact 145-2C11 results in an early and 
marked release of TNF in the circulation , maximal 2 h after 
the injection (peak TNF serum levels at 2 h: 50 ± 23 pg/ml). 
In contrast, the changes in serum TNF after injection of 
F(ab')2 fragments of 145-2C11 were of low magnitude and 
similar to those detected after administration of control 
hamster IgG (Fig. 2). The activities detected in this assay 
could be completely neutralized by rabbit antibodies 
specific for murine TNF-a (data not shown). 

In order to verify that the release of TNF induced by the 
145-2C11 preparation depends on the action of the mAb on 
T cells, we compared the peak serum levels of TNF 
obtain d in nuJnu and in nu/4> mice. No rise in serum TNF 
was observed in athymic nu/nu mice while a significant 
increase was detected in the nu/+ counterparts (Ta- 
ble 2). 



As an additional control, the 145-2C11 mAb was injected in 
LPS resistant C3H/HeJ mice. The high TNF serum levels 
measured 2 h after the injection (59 ± 44 pg/ml) confirmed 
that the release of TNF induced by the 145-2C11 mAb did 
not depend on th presence of LPS in the antibody 
preparation. 

3.4 Effects f anti-TNF antibodies n the metabolic 
changes induced by 145-2C11 mAb 

The role of TNF in the metabolic changes induced by 
145-2C11 was investigated by pretreating mice with rabbit 
anti-murine TNF antibodies before the injection of the 
mAb. As shown in Fig. 3, these mice were protected 
against the hypothermia induced by 145-2C11 mAb while 
animals pretreated with control rabbit IgG were not. 
Neutralization of TNF appeared somewhat less efficient to 
prevent the hypoglycemia since blood glucose levels in mice 
pretreated with anti-TNF antibodies remained significantly 
below the normal values (147 ± 24 mg/100 ml) both 6 h (88 
± 10 mg/100 ml, p < 0.001) and 24 h (123 ± 13 mg/100 ml, 
p < 0.001) after injection of 145-2C11. However, the 



Table 3. Effect of TNF neutralization on the hypoglycemia 
induced by 145-2C11 mAb 



Table 2. Lack of TNF release after injection of intact 145-2C11 
mAb in nude mice 



Pretreatment*) 



n ' Blood glucose levels (mg/dl)*> 

6h 24 h ./' 



Mouse strain 
nufnu-L 



Peak levels of TNF*) 

0.2±0;3 b > 
14.6 ± 5.7 . 



a) Measured 2 h after injection of the mAb and expressed as pg/ml 
(mean ± SD). 

b) p < 0.001 as compared with nn/4- mice. 



Anti-TNF antibodies 7 88 ± 10*) 123 ± 13 b ' 

Control rabbit IgG 5 59 ± 8 90 ± 14 



a) Rabbit anti-TNF antibodies or control rabbit antibodies 
(12 aig/mouse) were injected i.v. 90 min prior Lu the adminis- 
tration of 50 u.g 145-2C11 mAb. 

b) p < 0.01 as compared with mice pretreated with control rabbit 
IgG. 
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Figure 2. Serum TNF levels in the h urs following the injection of 

either intact 145-2C11 (- — ; 50 ug), control hamster IgG ( ; 

50 tig) rF(ab') 2 fragments of 145-2C11 ( ;33 jig) into DBA/2 

mice. Each point represents the mean (± SD) of five to eight mice. 
* p < 0-01 as compared with mice injected with control hamster 
IgG or with F(ab') 2 fragments of 145-2C11 . 
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Figure 3. Prevention of the hypothermia induced by 145-2C11 
mAb by rabbit anti-murine TNF mAb (• — •) and control rabbit 
IgG (O — O). (Of these antib dies 12 mg were administered i.v. 
90 min before the injection of 145-2C11 .) Each point represents the 
mean (± SD) of five to ten mice. * p < 0.01 as compared with mice 
pretreated with control rabbit Ig. 
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4 Discussi n 

mAb. Since similar . 14 , performed serial 

infusion of '"Jj^^gjI ffi Ejection of the 

ptSienon does not depend on ^ g 

stimulation of tau iPBlVfL ^ wrth ^ 13 11 

cellular ^ determined so far. 

tration of anU-CDW^. has not o ^ 

145-2CU m ^Lj££™ f a that on i y low levels of serum 
TNF-r? ES« adZisJtior . of 
^Tt, l?Ut i-?Cll mAb suggests that binding of the Fc 

injection of F(ab') 2 fragments ^^gjJJSS nor 

agnificant T^"~^iCcnanUs in blood glucose levels, 
only a partial effect on i the =J*°8£ ™ t not tbe only 
Taken together, these data » U K?" 1 H5-2C11 
Mediator of the hypoglycemia mduced by 145 2C11. 



•t-i .u.» inhibition of TNF release or n utilization, of 
^VSSSS^^ would improve the clinical 
, y roicT-i However, one should keep in mind that 
tolerance of OKTS^Ho^ , and IL 6 arc also 

SS3tS? iStoSi-CDS mAb p. 19] and t ha < 
released an« *"J bv themselves induce svs- 

some of thes e me *ha tors ^^rm*^ on ; 

tenuc symptoms t , the use of F(ab") : 

ISXw to obtain immunosuppression without inducing 
SffSSoS. T cell activation leading to the massive 
release of cytokines. 
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The OKT3 mAb as well as polyclonal anti-thymocyte 

after injection of ^^^d^ding and the 
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oodies in man. ]^"T*JX SteS of organ 
aft r the first injection fOKno £JP£ chilis, feSer, 
allografts could b m dialed by TW suca as ^ 
headache, myalgias and nausea [18]. It is. merei 
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Summary 

52 O We investigated the in vivo effects of cyclosporin A (CsA) on the production of interleukin (EL) 

p ^ 10, a cytokine with major immunosuppressive properties. To elicit IL-10 production in vivo, 

A> BALB/c mice were injected cither with the anti-mouse CD 3 145-2C11 monoclonal antibody 

^ 3 (mAb) (25 /ig) or with bacterial lipopolysaccharide (LPS) (20 fig). A systemic release of IL10 

g > was observed in both models, IL-10 serum levels reaching 1.60 ± 0.32 U/ml (mean ± SEM) 

2 • and 0.67 ± 0.09 U/ml 6 h after injection of 145-2C11 mAb and LPS, respectively. Experiments 

~~ in nude mice indicated that T cells are involved in the induction of IL-10 by anti-CD3 mAb, 

but not by LPS. Pretreatment with CsA (total dose: 50 mg/kg) before injection of 145-2C11 
mAb completely prevented the release of IL10 in serum as well as IL10 mRNA accumulation 
in spleen cells. In contrast, CsA markedly enhanced LPS-induced IL10 release (IL-10 serum levels 
at 6 h: 8.31 ± 0.43 vs. 0.71 ± 0.15 U/ml in mice pretreated with CsA vehicle-control, p < 
0.001), as well as IL10 mRNA accumulation in spleen. We conclude that CsA differentially 
affects IL-10 production in vivo depending on the nature of the eliciting agent. This observation 
might be relevant to clinical settings, especially in organ transplantation. 



A major property of IL10 is to inhibit cell-mediated im- 
munity by blocking several functions of APCs, in clu d i n g 
the delivery of accessory signals to CD4* Th cells of the 
THO or TH1 type (1-3). It is therefore anticipated that IL 
10 might play an important regulatory role in the process 
f allograft rejection. As cyclosporin A (CsA) isl currently 
used in roost immunosuppressive protocols in organ trans- 
plantation, we were interested in determining the effects of 
this drug on IL10 production in viva 

Since in vitro studies established that in addition to 
CD4* cells, macrophages and B cells also represent poten- 
tial sources of IL10 (4-6), two different stimuli were used 
to induce IL10 production in mice: the 145-2C11 anti-mouse 
CD3 mAb as a polyclonal T cell activator, and bacterial LPS 
as an activating agent for B cells and macrophages. In both 
settings, increased serum levels of IL10, as well as ILK) mRNA 
accumulation in spleen were observed. These two parameters 



Pan of this work was presented at the 14th International Congress of the 
Transplantation Society, Aris, 16-21 August 1992. 



were therefore used to study the in vivo modulation of IL10 
production by CsA. 

Materials and Methods 

Mice. 6-8-wk-old BALB/c mice and nude mice were obtained 
from the Katholieke Universiteit of Leuven (Leuven, Belgium) and 
from Olac (Bicester, England), respectively. 

Agents Injected In Vivo. The hamster mAb 145-2C11 directed 
against the mouse CD3 complex (7) was prepared from culture 
supernatants of 145-2C11 hybridoma cells by afhnity chromat g- 
raphy over a protein A*Sepharose column (Pharmacia, Uppsala. 
Sweden), as previously described (8). Control hamster Igs were 
purified from normal hamster serum by the same procedure. The 
endotoxin levels of these preparations were <15 pg/ml. CsA and 
its vehicle for parenteral administration were a kind gift of Sandoz 
Ltd. (Basel, Switzerland). LPS from Escherichia colt was obtained 
from Sigma Chemical Co. (St. Louis, MO). 

Experimental Protocols. Mice received a single intraperitoneal in* 
jection of either 145-2C11 mAb (25 jtg) or control hamster Igs 
(25 jig), r LPS (20 Mg)> Blood samples were obtained by retro r- 
bital puncture at 1.5, 6, 12, and 24 h after injection for measure- 
ment of serum IL10 levels. In separate experiments, mice were killed 
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2 h after injection for EL10 mRNA determination in spleen cells. 
The eflects of CsA on the induction of IL-10 by ano>CD3 mAb 
or LPS were evaluated by pretreating mice with two 25*mg/1tg 
i p. injections f CsA ( r its vehicle alone as control) given 18 and 

3 h before anti-CD 3 mAb ox LPS challenge. This protocol was 
f und previously to prevent the release of UA induced by the 
145-2C11 mAb (9). 

Determination ojlLlQ Serum Levels by EUSA. Serum samples 
woe assayed for IL10 by ELBA (10) using the following anti-mouse 
HVIO mAbs: SXC1, a rat IgM kindly provided by Dc. T. Moamann 
(University of Alberta, Edmonton, Canada), and JES5-2A5. a rat 
IgGl obtained from Pharmingen (San Diega CA). Briefly, 96-weU 
trays were coated with SXC1 mAb (5 ug/ral in PBS) dumga3-h 
incubation at 37°C. Excess protein binding sites were blocked by 
a further incubation with 2% BSA in PBS. Serum samples diluted 
in PBS containing 0.5% BSA were then added and incubated over- 
night at 4°C After washing, the JES5-2A5 mAb (50 ng/well) 
was incubated for 2 h at 37°C Bound JES5-2A5 mAb was re- 
vealed by a biotinylated mouse anti-rat IgGl mAb (Experimental 
Immunology Unit, Universite Catholiquc de Louvain) followed 
by streptavidm-horseradish peroxidase conjugate. Results were ex- 
pressed in IL10 U by reference with a standard curve obtained with 
a preparation of recombinant mouse 11/10 (Phaxmingen). The tower 
limit of detection of IL-10 in this assay was 0.5 U/ml. For calcula- 
tion of mean s SEM values, samples below that threshold were 
arbitrarily assigned a value of 0.4 U/ml. 

Ram* PCR for JL10 mRNA. UNA extraction fro m mou se 
spleen cells using the guanidinium thiocyanate method, prepara- 
tion of cDN A and PCR for H710 and hypoxanthine phosohoribosyi 
transferase (HPRT) were performed by standard procedures (11). 
Briefly, 1 MS of wtal RNA was incubated 10 roin at 65°C with 
1 Mg oligo(dT)15 and was further incubated for 60 min a t 37°C 
with 120 U RNasin (Promega Corp.. Madison, WI), 1 mM dNTPs, 
200 U Moloney murine leukemia virus (Mo-MuIY) reverse tran- 
scriptase, 0.01 mg/ml acetylated BSA, and RT buffe (75 mM KQ, 
3 mM MgCl,. 10 mM DTT, 50 mMTris HO, pH 8 J) in a final 
volume of 20 mL PCR was performed using aliquots of the resulting 
cDNA (equivalent to 50 and 500 ng of total RNA for HPRT anu\ 
CIO assays, respectively). To this was added 0.1 mM dNTPs. 2.5 U 
Taq DNA polymerase, 1 « of each sense/antisense primer, and 
PCR buffer (1.2 mM MgCla. 50 mM KCl. 0.001% gelatine, 10 
mM THs Ha pH 8 J) in a total volume of 25 id. Prmm used have 
been published (2, 12). Reactions were incubated in a DNA thermal 
cycler (Perkin-Elmer Cews, Norwalk. CT) for 28 cycles (denatura- 
tion: 1 min, 93°C; annealing: 2 min, 55°C; extension: 3 nun, 
72°C). PCR products were run on a 3% agarose gel and stained 
with ethidium bromide. 

Statistical Analysis. Statistical comparisons were made using the 
unpaired Student's t test. In each group, values from all mice were 
included. 

Results 

Release oflLiO in Serum after Injection of AntirCD} mAb 
or LPS into BALB/c Mice. Whereas serum from normal 
BALB/c mice did not contain detectable H/10 as assayed by 
ELISA flower limit of detection: 0.5 U/ml). the injection 
of 25 /ig of the anti-CD3 mAb 145-2C11 was followed by 
the appearance of circulating HV10 (Fig. 1, top). Serum Q>10 
was already detected at 1.5 h in three out of eight mice (mean 
± SEM: 0-70 ± 0.19 U/ml), peaked at 6 h (mean ± SEM: 
1.60 ± 0.32 U/ml), and returned to near background values 
at 24 h. This release of IMO was directly related to the anti- 
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Figure 1. Rdeue of IL-10 in lerum after a tingle injection of 143-2CU 
mS-mouie CD3 mAb or bacterial LPS in BALB/c mice. (Top): (•) mice 
injected with 25 MB M5-2CU mAb; (O) eonttoU injected 1 with 25 us 
of control hamster Igt. (Bottom) Mice injected with 25 Mg LPS. 



body specificity of the 145-2C11 mAb at it was not observed 
in mice injected with control hamster Igs (Fig. 1, top). 

The injection of LPS (25 fig) into BALB/c aiiimals was 
also followed by the systemic release of IL-10 (Fig. 1, bottom), 
although IL-10 serum levels were lower than after injecti n 
of the 145-2C11 mAb. IL10 was detectable in serum 1.5 h 
after LPS injection in 8 out of 11 mice (mean ± SEM: 0.68 
± 0.09 U/ml), and at 6 h in 7 out of 15 mice (mean * 
SEM: 0.67 ± 0.9 U/ml). No serum IL10 was found at later 

time points. . _ , 

CiA Pmentt Anti-CD3 mAb-mduced Production but Enhances 
LPS-induced IL10 Production. The in vivo effects of CsA on 
the systemic release of IL10 were investigated in animal* 
pretreated with two 25-rag/kg i.p. injections of CsAgwen 
18 and 3 h before challenge with anti-CD3 mAb or LPS (Fig. 
2) CsA completely prevented the systemic release ot ib-iu 
induced by anti-CD3 mAb as indicated by the lack f detect- 
able serum IL-10 at all time points studied. As control, mice 
were pretreated with C»A vehicle alone before an«-CD3 mAD 
injection. The IL-10 serum levels in these animals were similar 
to those measured in the absence of pretreatment (mean * 
SEM at 6 h: 1.69 ± 0.46 U/ml). In contrast with its inhibi- 
tory effect on anti-CD3 mAb-induced IL-10 production, CsA 
pretreatment led to a major increase in the IL-10 serum levels 
measured 6 h after LPS challenge (mean ± SEM: 8.31 ± 
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Figure 2. Effects of CsA pretrcatnacat on the systemic release of Ui-10 
induced by anri-CD3 mAb or LPS in BALB/c mice. Mice (it - 5 in each 
group) were pre treated with two 25 mg/kg-Lp. injections of CsA or CsA 
vehicle before injection of 25 Mg 145-2C11 mAb or 20 Mg LPS. IL10 serum 
levels were measured 6 h after challenge, and data of all mice are presented 
as mean ± SEM. 



0.43 U/ml vs. 0.71 ± 0.15 in mice pretreated with CsA ve- 
hicle alone, p < 0.001) (Fig. 2). 

We analyzed whether the effects of CsA on IL10 release 
were related to modulation of ILrtO gene expression. No or 
minimal expression of IlrlO mRNA was found in spleens 
of untreated mice or of mice injected with CsA alone (Kg. 
3). Anti-CD3 mAb injection led to a marked accumulation 
f IL10 mRNA which was almost completely prevented by 
CsA pretreatment (Fig. 3). LPS also led to IL-10 gene induc- 
tion and in this setting CsA pretreatment resulted in a clear 
increase in IL-10 mRNA accumulation (Fig. 3). 

LPS but Not Anti*CD3 mAb Induces IL10 Production in Nude 
Mice. The role of T cells in IL-10 production induced by 
anti-CD3 mAb or LPS was investigated by challenging nude 
mice with these stimuli. Neither unmanipulated nude mice 
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Figure 3. Effects of CsA pretreatment on IL-10 mRNA expression in 
spleen after injection of 145-2C11 anti*CD3 mAb or LPS in BALBVc mice 
(same protocol as in Fig. 2). Spleens were removed 2 h after anri*CD3 
mAb or LPS challenge and analyzed by reverse PCR for IlrlO mRNA 
expression. Amplification of the housekeeping gene HPRT was used as 
control (Lane 1) Control mice injected with saline; (lane 7) CsA alone; 
(line )) anti-CD3 mAb; (lane 4) anti-CD3 mAb after CsA pretreatment; 
(lane S) LPS; lane 6: LPS after CsA pretreatment. 
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Figure 4. IlrlO mRNA expression in spleens of nude mice after injec- 
tion of 145-2C11 anti-CD 3 mAb or LPS. Spleens were removed 2 b after 
anri-CD3 mAb or LPS challenge and analyzed by reverse PCR for UV10 
and HPRT mRNA expression. (Lane 1) Control mice injected with sa- 
line; (lane 2) anti-CD3 mAb; (lane J) LPS. 



nor nude mice injected with anti-CD3 mAb displayed 
significant EL10 gene transcription (Fig. 4). IL10 also remained 
undetectable in their serum at all time points. On the other 
hand, as in BALB/c mice, LPS injection led to IL-10 mRNA 
accumulation (Fig. 4) and induced a systemic release of IL-10 
(mean ± SEM at 6 h: 0.63 ± 0.10 U/ml, n = 5), which 
was further increased by CsA pretreatment (mean ± SEM 
at 6 h: 4:82 ± 1.35 U/ml, n ■» 5, p < 0.05 as compared 
with LPS alone). 

Discussion 

The first observation of this study is that both anti-CD3 
mAb and LPS induce the release of immunoreactive IL-10 
in the bloodstream of normal mice. The range of IL-10 serum 
levels in both settings was quite large, with some samples 
remaining below the detection limit. Such wide dispersion 
of cytokine serum levels has been previously observed in similar 
models (13, 14). It is likely that the cell types involved in 
IL-10 production after injection of anri-CD3 mAb or LPS 
are different. Indeed, experiments in nude mice established 
that T cells are required for anti-CD3 m Ab-induced but not 
for LPS-induced IL10 production. As previously demonstrated 
for IL2, IFN-7, and IL4 mRNAs (15), wc might thus as- 
sume that T cells are the major source of 11/10 after injection ' 
of anti-CD3 mAb. Along this line, it was recently shown 
that the CD4* cell population was the cell type in which 
IL-10 mRNA accumulates after injection of anti-mouse IgD 
mAb (16). As far as LPS-induced IL-10 production is con- 
cerned, both macrophages and B cells, especially Ly-1* B 
cells, might be involved (5, 6). Whatever its precise cell source, 
IL10 might be responsible for some of the immune distur- 
bances observed alter injection of anti-CD3 mAb or LPS. 
First, the long-lasting immunosuppressive effects of anti-CD3 
mAbs which have been observed both in experimental and 
clinical transplantation (17, 18) could be related, at least in 
part, to the production of IL-10. The immunosuppression 
observed after LPS injection (19, 20) could also represent a 
consequence of 11/10 production. Experiments using neu- 
tralizing anti-ILlO mAb r mice made ILlO-deficient by gene 
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targeting should help co define the exact role of IL-10 in the 
immunosuppression induced by anti*CD3 mAb and LPS. 

The main findings reported in this paper concern the 
differential effects of CsA on the production of EL- 10 induced 
by anti-CD3 mAb or LPS. Although it has been well estab- 
lished that CsA inhibits in vitro and in vivo the transcription 
of several cytokine genes in mouse T cells including IL-2, 
IFN-7, and H/4 genes (9, 21, 22). it was recently reported 
that the drug does not affect the production of IL10 by a 
TH2 done (23). The experiment* described herein clearly 
establish that CsA blocks the systemic release of IL10, as well 
as HrlO gene expression induced by anti-CD3 mAb in vivo. 
In contrast, CsA pre treatment in the LPS model resulted in 
the superinduction of IL-10 gene expression and in a dramatic 
enhancement in the systemic release of IL-10. Similar gene 
superinduction by CsA has been previously reported for TGF-j8 
in human T cells (24), for IL6 in human PBMCs (25), and 
for the Ly-6E surface antigen in the T cell lymphoma-de- 
rived YAC-1 cell line (26). Mechanisms proposed to explain 
CiA-mediated cytokine gene superinduction include the in- 



hibiti n fthc production of nuclear factors binding to nega- 
tive regulatory sequences of corresp nding gene or the lack 
f inhibition f regulatory proteins that promote cytokine 
gene expression (24, 26). Our experiments in nude mice in- 
dicate that the enhancement by CsA of LPS-induced IMO 
gene expressi n and IL-10 production does not depend on 
the action of the drug on T cells and could therefore be related 
to a direct effect on ILlO-producing cells. 

The in vivo effects of CsA on IL-10 production might be 
relevant to clinical settings where CsA is used to induce im- 
munosuppression, such as in organ transplantation or in au- 
toimmune diseases. Administration of CsA in transplant 
recipients receiving the OKT3 mAb has been recommended 
to reduce the antibody response to the mAb. However, bv 
blocking OKT3-induced IHO production, CsA might also 
inhibit an important pathway of immunosuppression. In pa- 
tients developing endotoxemia under CsA therapy, the en- 
hanced IL-10 production might be beneficial by reducing the 
release of TNF-Of and IL-1 (27), but detrimental by accentu- 
ating the Th cell defects induced by LPS. 
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Summary 

Injection of anti-CD3 antibodies causes prompt expression of interleukin (IL)-4, IL-2, and inter- 
feron 7 (IFN-7) mRNA among spleen cell*. The optimal dose of anti-CD3 for such induction 
was 1.33 Mg/animal; lymphokine mRNA was first observed at 30 min, peaked at 90 rain, and 
was undetectable (for IL-4) or bad declined markedly by 4 h. Cells harvested from spleens of 
mice injected with anti-CD3 90 min earlier secreted IL-4, IL-2, and IFN-y without further 
stimulation. By contrast, in vitro stimulation with anti-CD3 of spleen cell suspensions or splenic 
fragments from noninjected donors failed to cause prompt production of IL-4 and, even after 
24 h of stimulation, the amount of IL-4 produced in such cells was substantially less than that 
secreted within 1 h by spleen cell suspensions or splenic fragments from mice injected with anti- 
CD^ 90 min earlier. Production of IL-4 by spleen cells from anti-CD3-injected mice was not 
inhibited by pretreatment with anti-IL-4 antibody or with IFN-7 or tumor growth factor £ 
nor enhanced by treatment with IL-4, By contrast, CTLA-4 immunoglobulin (Ig) treatment 
clearly diminished IL-4 production in response to in vivo anti-CD3, indicating that cellular 
interactions involving CD28 (or related molecules) were important in stimulation. Cell sorting 
analysis indicated that the cells that produced IL-4 in response to in vivo injection of anti-CD3 
were highly enriched in CD4p°» cells with the phenotype leukocyte cell adhesion molecule- 1 
(LECAM-1)** CD44^, CD45RB** NK1.1P". Indeed, the small population of CD4p« 
NK1.1*» cells had the great majority of the IL-4-producing activity of this population. Injection 
with Staphylococcal enterotmrin B also caused prompt induction of IL-4 mRNA; the cells that 
were principally responsible for production also had the phenotype of CD4p°\ NK1.1p°\ These 
results suggest that possibility that this rare population of T cells may be capable of secreting 
IL-4 at the outset of immune responses and thus may act to regulate the pattern of priming 
of naive T cells, by providing a source of IL-4 to favor the development of T cell helper 2— like 
IL-4-producing cells. 



Immune responses of CD4P" T cells are often dominated 
by the production of IFN-7 or of IL-4. Indeed, the choice 
of lymphokine produced by CD4F" T cells may have a pro- 
found effect on the protective value of that response (1-3). 
Recent in vitro studies have analyzed the factors that deter- 
mine whether naive CD4P* T cells develop into IFN-7 or 
IL-4 producers (4-8). These studies have revealed a domi- 
nant role for IL-4 itself. Thus* priming T cells in the pres- 
ence of IL-4 leads to the appearance of cells that produce large 
amounts of IL-4 upon rechallenge but little or no IFN-7 (6, 
7). By contrast, priming cells in the presence of anti-IL-4 
antibody results in primed cell populations that produce little 
-or no IL-4 but arc good IFN-7 producers. For IL-4 to have 
a major effect on priming for IL-4 production, it must be 
present early in the culture. 

IL-4 also has a major effect on in vivo priming of CD4p°* 
T cells to become lL-4-producing cells (9-12). Treatment 



of mice with anti-IL-4 at the time of priming with hemocyanin 
diminishes the frequency of T cells that produce IL-4 in re- 
sponse to in vitro challenge with hemocyanin (11). Similarly, 
treatment of BALB/c mice with anti-IL-4 at the time of inr 
flection with Lcishmania major (9) or Candida albicans (10) en- 
hances their production of IFN-7 and suppresses priming for 
IL-4 production in response to specific challenge, but only 
if anti-IL-4 is injected very early in the course of the infec- 
tion. Treating C57BL/6 mice with IL-4 at the time of infec- 
tion with L. major increases the appearance of T cells that 
produce IL-4 upon subsequent in vitro challenge with leish- 
manial antigens (12). CD4P" T cells from mice in which the 
IL-4 gene has been disrupted by gene targeting produce sub- 
stantially less IL-5 as a result of infection with Nippostron- 
gylus hrasiliensis (13). Since IL-5 and IL-4 are both products 
ofTh2-rypeT cell clones (14) and their pr duction by normal 
T cells is often Deregulated (5), these results further support 
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the concept that IL-4 plays a critical roic in the in vivo acqui- 
sition of the lymphrtliw^pTTviiin'nfy phcnotype. Taken to- 
gether, these studies indicate that IL-4 produced early in an 
immune response is important in determining th pathway 
of differentiation of naive CD4* 01 T cells. 

The central role played by IL-4 in in vivo priming leads 
us to ask what the source of IL-4 might be for determining 
that naive CD4P°* T cells will develop into IL-4 producers. 
Although T cells themselves are an obvious, possibility, the 
very modest production of IL-4 by T cell populations from 
naive donors when stimulated in vitro has cast some doubt 
on their potential importance and raised the possibility that 
other cell types, such as basophils and/or mast cells, might 
be the source of such IL-4 (15-18). Nonetheless, both Scott 
et aL (19) and Flamand et al. (20) have observed that intrave- 
nous injection of soluble anti-CD3 antibody results in rapid 
but transient expression of IL-4 mRNA and protein in the 
spleen. In this report, we confirm this observation and show 
that IL-4 protein is induced as early as 30 min after the injec- 
tion of anti-CD3 antibody. It is interesting to note that in 
vitro treatment of spleen cells with anti-CD3 in either sus- 
pension or fragment cultured led to induction of modest 
amounts of IL-4 protein with much slower kinetics indicating 
that in vivo and in vitro regulation of IL-4 production may 
be quite different. 

We show that the cells responsible for IL-4 production 
in response to intravenous anti-CD3 are largely CD4** T 
cells. The CD4*» T cells that produce IL-4 in response to 
intravenous injection of anti*CD3 are leukocyte cell adhe- 
sion molecule (LECAM) 1 -l« i CD44^,CD45RB<^. IL- 
4-producing cells are enriched among CD4P", NKLIp* cells 
suggesting that the major producers are the small popula- 
tion of CD4P*, NK1.1P 0 * T cells that have been previously 
implicated as important lymphokine-producing cells in the 
thymus and bone marrow (21). The production of IL-4 by 
this cell population is independent of the need for IL-4 since 
anti-IL-4 treatment does not inhibit it. Such production of 
IL-4 is also mediated by intravenous injection of Staphylococcal 
enterotoxin B (SEB) suggesting an in vivo mechanism through 
which superantigens may elicit a source of IL-4 that could 
influence priming to associated conventional antigens. 

Materials and Methods 

Animals. Virus- fret C57BL/6 and BALB/c female mice, 8*12 
wk of age. were obtained from the Division of Cooc*r Ixeatrocnt, 
National Cancer Institute (Frederick. MD). 

Culture Medium. RPMI 1640 (Biofluids, Inc. RaJcville, MD) 
supplemented with 10% FCS (Inovar Biological*, Inc., Gaithen- 
burg, MD), 2-ME (50 uM), L-gwtamine (2 mM), penicillin (100 
U/ml), streptomycin (100 /xg/ml), and sodium pyruvate (1 mM) 
was used as culture medium. 

Recombinant Lympkokines* Recombinant mouse HV4 was ob- 
tained from a recombinant baculovirus (AcMNPVJL4) prepar ed 
by Cynthia Watson (Laboratory of Immunology. National Insti- 
tute of Allergy and Infectious Diseases [NIATDJ, National Insti- 



1 Abhmnatim used in tfds paper LECAM, leukocyte ctU adhesion 
molecule; RT, reverse transcriptase; SEB, Staphylococcal enterotoxin & 



tutes of Health [NIH]). 1 U of HV4 is equal to M).5 pg. Human 
recombinant EL-2 was a gift Cetus Corporation (Emeryville, CA) 
1 U of IL2, defined as a "Cetus unit", is equal to 6 IU and to 
~0-3 ng. Purified mouse IFN-7 and TGF-/3 were purchased from 
Genzyme Corporation (Boston, MA). 

Reagents. Anti-CD3 (2C11) (22) and control hamster mono- 
clonal IgG antibody (HH16) (established by Carol Kinzer, Labora- 
tory of Immunology, NIAID, NIH) were purified 60m tissue cul- 
ture supernatant*. Punned rat anti-mouse IL4 (11B11) (23) was 
prepared by Verax Corporation (Lebanon, NH). Rat anti-mouse 
Fey receptor antibody (2.4G2) (24) was purified by Jane Hu-Li 
(Laboratory of Immunology, NIAID, NIH). Rat anti-mouse IFN-7 
(XMG 1.2) (25). FITC-rat anti-mouse LECAM-1 (MEL-14) (26), 
FITC-rat anti-mouse CD44 (PgP-1) (27), FITC-rat anti-mouse 
CD45RB (16A) (28), FITC-rat ana-mouse B220 (RA3-6B2) (29), 
FITC-rat anti-mouse I-A* (AMS 32.1) (30), PE-rat ana-mouse 
CD4 (RM 4-5) (31), FITC-rat anti-mouse CD8 (53-6.7) (32). and 
bLotinyiated anti-mouse NK1.1 (PK 136) (33) were purchased from 
PharMingea (San Diego, CA). SEB was purchased from Sigma 
Cbemical Ca (St. Louis, MO). A soluble IgC?l chimera of CTLA4 
(CTLA-4Ig) (34) and its conrxol human-mouse chimeric mAb (Chi- 
L6) (35) were provided by Dr. Peter S. Linsley (Bristol-Myers Squibb 
Pharmaceutical Research Institute, Seattle, WA). 

In Vtvo Treatment of Mice. Mice were injected intravenously with 
a single dose of anti-CD3 (0.44-12 jig), or SEB (25-800 Mg)- Con- 
trol mice were injected with same amount of haxnscer IgG or HBSS. 
Spleens were removed at the specified times after injection for RNA 
extraction and cell culture. For some exp er im ents, mice were treated 
with lyraphokines, anti-IL-4 or CTLA-4Ig before injecti n with 
anti-CD3. For the stimulation of popliteal lymph node cells, 10 
/*g of anti-CD 3 in 50 pi of HBSS was injected into both hind foot 
pads of C57BL/6 mice. The draining popliteal lymph nodes were 
removed for RNA extraction ac various times after injection. 

Cell Preparation. Spleens were removed at various times after 
injection with anti-CD3 or SEB. Cell suspensions were washed 
twice with HBSS. Except where indicated, 5 x 10* spleen 
cells/well were cultured in 24 -well plates with or without 3 /xg/ml 
of anti-CD3 for 1-24 h and supernatants harvested to measure lytn- 
pholrine content. In some experiments, spleens from mice injected 
with or without anti-CD3 were cut into cubes with a volume of 
M mm 3 . Individual cubes were placed in wells of 96-well plates 
and cultured with or without anti*CD3 for 1-24 h. * 

For the preparation of CD4*" splenic T cells, cell* were im- 
pended at a concentration of 2 x lOVml in RPMI 1640 con- 
taining 5 mM £DIA (NIH Media Unit) and 5% fetal FCS. The 
cell suspension was incubated with 10 /ig/ml each of FITC anti- 
B220; FITC anti-I-A d , and FITC aoti-CDS antibodies for 30 min 
at 4°C on a turning wheeL The cells were then washed twice and 
resropended with magnetic beads coated with sheep anri-FITC an- 
tibodies (Advanced Magnetics Inc., Cambridge, MA). Cells that 
had bound antibodies were depleted by two rounds of exposure 
to inagnetic field. The residual cells were collected and washed twice. 

Fluorescence Analysis and Cell Sorting Fluorescence staining was 
performed at 4°C in 100 jsl containing 10 6 CD4-enriched spleen 
ecus and PE anti-CD4 in combination with FITC anti-LECAM-l. 
FITC anti-CD44, or FITC anti-CD45RB in PBS containing 3% 
FCS and 0.5% NaNj. For detection of NK1.1P" cells, biotinylated 
anb>NKl.l and FITC-labeled avidin were used. Fluorescence anal* 
ysis was carried out with a FACScan* Flow Cytometer (Bee ton 
Dickinson U Ca. Mountain View, CA). For sorting experiments, 
a FACStar* Plus Flow Cytometer (Becton Dickinson cV Co.) was 
used. Cells were maintained at 4°C during the sorting process. 

Lympkoltine Assays. CT.4S, an IL-4-dependent cell line, and 
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XXEV in IL2-d e pende n tedlKac(36). wereused to measure IL4 
. and flVZ. content, respectively, using serial duutions of superna- 
tant* and comparing responses to those elicited by known amounts 
at murine Hr4 and human IL2 as standards. IFN-t m assayed 
with a ipecifie two-ate ELBA (37. 38), with reference standard 
curves prepared using known amounts of rIFN--y 
^/yA o/Exprnsion of EM, IFN-y, and JL2 mRNA. Total 
^ w Pteptxed using the Guanidinium Method (39) 
- ,7^. n,akia 8 cdl swpenrions. cells were washed 
in ice-cold PBS and lysed in 4 ml lyris solution, containing 4 M 
gwmo^thiocyanate (Fluka Chaiuka-BioCWka, Rnnionkonu. 
NY). 25 mM sodium citrate (pH 7.0). 0.5% rV-lauroyl saicosine 
(Sigma Chemical Co.). and 100 mM 2-ME. lysates were vornS 
andsuredat -70°C until further processing. After thawing. 400 ul 
^ M.^um acetate (pH 4.0). 4.4. ml of water-saturated phenol 
("OBCQ. ^^O"). »d 800 «I of cUoroform-uo-an^- 
cohol (49:1) were added to the lysates with thorough vortadng 
after each addition. The mixture was than chilled Ha ice fell 
nun and spun at 10.000 j for 15 min at 4°C. The aqueous pha* 
was recovered and RNA was precipitated with annual volume 
<rf2.propanc.lat -20»C for at least 1 h. The precipitated RNA 
w« resuspended with 600 /si of lysis solution and an equal volume 
of hMH, .and precipitated at -20»C for 1 h. Precipiutet were 

4 C at 10.000,? for 20 min. Vacuumed pellet, wereittmpended 
V&AlL ^MpyrocarWte-treated double-distilled water 
(uePC-ddH,0) and total RNA concentration was measured. As 

f Wl ?£^^ I V? RNAl extracted 6001 n^-produdng cell 
hne. tW (40) and from purified T ceQs stimulated with APC plus 
anti-CD3 and anti-IW for 24 h (8) were used. P 
I ? r J R ^^ 1 prepanti0n from Mrted "U*. we used the modified 

For Northern hybridisation. 10 tig of RNA from each sample 
were separated by electrophoresis m a 1% agarose/formaldehyoe 
fitl iff * ^PceUulose-Nytraa membrane (Schleicher 
ni^JT 11 - ^'J^ 06 - NH )- probes specific for mouse 

^ IPN^ and IL2 (a 373 EcoRI/Hindlll fragment for IL4; a 
643 bp Pst-l fragment for IFN-y; and a 600 bp Pit-1 fragment 
fcr 0,2) were "P-labeled by the random pritner methods , 
specific Mtavity of 5 x 10.-2 x MP cpm/ M g. After baking, the 
hlto were prehybndard at 42°C for 1 h and then hybridized I with 
«r JTi^i. 8 L The ^ ^ washed twke with 2 x 

01 * «r ««P"»« ^ twice at 60"C with 
0.1 x SSC and 0.1% SDS. 

For analysis of expression of IL4, IFN-y. and HV2 mRNA from 
f vl^Z 7°^" idaMi nperiments. mRNAi w» 
amplified by a modified standard reverse transcription (RTVPCR 
™PMcation 1 procedure (41). Primers specific for murine HV4. HV2. 
ifN-y. and 0-acrin were prepared by Cynthia Watson. Primer se- 
^^T^" foUov " : 3" primer. GAATOTACCAGCAGC- 
CAIATC. and 3' primer. CTCAGTACTACGAGTAATCCA: H,2- 
* ACrrcA AGC^^ «"» 3' Primer. 

G<nTOAGAAAGGGCTATCCA; IFN-7: 5' primer, AACOCT- 
TACAO^CATCTTGG. and 3' prime! GaStcaaAoS 
K-TCAGG; 0-icrin: 5' primer, GAIGACGAXKICGCTGCG- 
CTO. »nd 3 primer, GTACGACCAGAGGCATACAGG. Initially. 

2 Ml (1 Mg) RNA were added to 18 sd of reverse transcription mix- 

S?^* L^ 4 M , 8CI, • ^ Duffer H. 1 mM of each 
dxi ^n-Elmer Cetus. Norwalk. CT), 2.000 U/ml 

RNase mh.b.tor (Promega. Maduon, Wl). 2.5 U/ml M loner mu- 
nne leukemia virus reverse transcriptase (GIBCO BRL. Gaithers- 
burg, MD), and 0.75 stM specific 3' oHgo primer for each lym- 
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: : I^^J^* 11 ™* Cetm i md i^bzted I for 60 rninat 
37 C. followed by 5 mm at 99'C. and then 5 min at 5«C 
t ^J^"' inscription, 80 ^ of the PCR mix were added 
irf t0 * ^ "ncffltration of Z5 U Tig DNA oolv- 
X S^*^ Ce ^° 15 ^ 5' prime, 0.15 jJ?^ 

pi£3 fe^S" " d ,x ^ buff « n/100 ssL cDNaV wS 

we™i,£^ aMl) ? d - ^ »»Plifieation. PCR product, 
^^^ c ^ ro Pk°iesi* in 8% ac^Iamide gel. and visual- 
£t%J£^L aWnati0n ethSumo^romide s JrS. 

Results 

E*P*wtfLympfokmemRNAInViua CSTBL/fimice 
; were injected intravenously with purified anti-CD3 (2C11) 
; ox rantrol hamster antibody (HH16). Spleens were removed 

1 feTTrSS 6 ' lfta ^ e T 0a for ^ A extraction. mRNA, 
for H.-4. IFN-7. and IL-2 were measured by Northern anal- 
ysis. After injection with 4 /xg of anti-CD3, IL-4 mRNA 
wa, first detectable at 30 min. reached a higher level at 1 h. 

, and was markedly c&rdruihed at 4 h. (Kg. 1 A). To detcr- 
muie the optimal dose of anti-CD3 for this induction of IL-4 
mRNA, Northern analysis was carried out 1 h after injec- 
tion with varying amounts of ami-CD3; 1.33 M g of anti- 
v-u i per mouse was found to maximally induce IL-4 mRNA 



TIME AFTER INJECTION (H ) 
1 4 



DOSK ( nc/MOUSE ) 
^_ oCP3 HHU 



0-ACT1N 

B 

1 

h 

In. 

5' 

p-ACTDi 

c 

i: 1 

IL-2 

1 

I 

X* r.Jff^ 3 ****** *** «P«»«on of lymphokinc mRNA. 

Z^*KA t? t?Z? bwned " ^ c ^ted time for RNA «- 
taction. RNA from IM^eting EM ceils (LTRNA) u included as a 
ponfave control for UA mRNA 



TIME AFTEB INJECTION 

Mta fj 

0 5 IS U 1 l J 2 4 24 



Received 11-12-99 03:02 



Froa-61 26264334 { 



To-FOLEY AND LARONER Page 48 



expression (Kg. 1 B). In these experiments, th control ham- 
ster mAb did not induce detectable IL-4 mRNA 

To further examine the critical time for maximal induc- 
tion of IL-4 mRNA, spleens were removed as early as 5 min 
after injection of 1.33 M g of anti-CD3. By Northern anal- 
ysis, IL-4 mRNA was first detected at 30 rain, reached its 
7 1 5r , ir vd " LS and dedioed rapidly thereafter (R* 
1 C). IFN-y and BL-2 mRNAs were also initially expressed 
at 30 mm and, although detectable at 4 h, had diminished 
considerably from their peak at LS h. Based on these experi- 
ments we used 1.33 Mg of anti-CD3 per mouse and removed 
the spleen at L5 h after injection in the following experiments. 
ProducHonofLympkekina by Spleen Cells fiom Mice Treated 

pnokine mRNAs led to production of lymphokine, 5 x 10* 
spleen cells from anti-CD3-injected mice were cultured for 
; 1 h without additional stimulus. As shown in Kg. 2, a sub- 
, stantial amount of lymphokine was present in these supema- 
. cants; the time after in vivo injection to gain and then to 
lose the capacity to produce each of the lymphokines in short- 
t rm culture was the same as that for expression of mRNA 
at the tune of harvest from the donor. Spleen cells removed 

ri J* 2^ mV1V ? treatmrat P^duad maximal amounts of 
IL-4. IFN-7. and IL-2. We measured lymphokine secretory 
actmry as weU as lymphokine mRNA in most of the fol- 
lowing experiments. 

Organ Distribution of IL-4 mRNA Expression from Mice In- 

Tl? itF° 3 - , 111 «o ttc prompt expression 

or IL-4 mRNA in spleen cells from mice injected intrave- 
nously with anri-CD3, little or no IL-4 mRNA was detected 
in thymocytes or peripheral blood cells of these mice (Kg 
3). Bone marrow cells and mesenteric lymph node ecus showed 
raodot amounts of IL-4 mRNA in response to injection with 
ann-CD3, but considerably less than was found in spleen cdk 
Analysis of penetration of anti-CD3 into spleen, lymph 
nodes, and thymus was done by staining cells with FITC 
anti-hamster IgG and comparing the frequency of positive 
„ii W,th c ? ac obtained by staining cells with anti-CD3 plus 
FITC anti-hamster IgG. Half of splenic T cells were seamed 
within 15 min of injection of anti-CD3; neither the fraction 
nor the degree of staining increased for up to 90 min after 
injection (data not shown). By contrast, <10% of lymph node 
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T cefl, and vutuaUy none of the CD3p» thymocytes had 
bound anti-CD3 at 90 min after injection. This suggests that 
unnted (or absent) IL-4 production in these orgSs i, due 
to poor penetration of injected anti-CD3. 

Interestingly, popliteal lymph nodes from mice injected 
^f' 0 ? »«k footpads displayed considerable IL-4 
mRNA; peak levels were reached within 1.5 h but, in con- 
™**a afttt mnav «ous treatment with anti- 

. j . mRNA ""'"g popliteal lymph nodes cells re- 
mained elevated for 24 h after footpad injection of anti-CD3 
Comparison of IL-4 Paction by Spleen Cells in Response' 
to /« ttuo and In Vitro Stimulatum with Anti-CD3. Spleen 
ceils from mice treated with anri-CD3 for 1.5 h produce lartre 
amounts of IL-4 without further in vitro stimulation By 
contrast, spleen cells from uninjected mice produced little 
or no IL-4 without in vitro stimulation and failed tVoro- 
duce substantial amounts of IL-4 in response to in vitro T ex- 
posure to anti-CD3 until 24 h of culture (Kg. 4 A). Even 
at 24 h. the amount of IL-4 in culture supexnatancs of cells 
trom umnjected donors cultured in vitro with ami-CD3 was 
I t ^n b V ,lnOUn " of "» ! ' h culture supcrnatants of 
spleen cdls from mice injected with anti-CD3 1.5 h earlier 
and cultured without any further stimulant. 

ln 7^°^^^^^ tsfem ™ Min J«^with 
2?k * ji- h ^ Md fr ° m ^ce with or 

trom die 1.5-h injected" mice produced substantial amounts 
o^-4 within l h without the need for the addition of anti- 
j A1,hou 8 h *plemc fragments from uninjected mice pro- 
duceddttectable amounts of IL-4 in response to culture with 
anti-CD3 somewhat earlier than was observed in spleen celt 
Jusjxamons from these mice, this production was less in ma*- 

"JSr J* 01 much <W ^ ed ' m eo»P«riso«> to the IL-4 
prooum n by splenic fragments from mice injected with anti- 
<-C3 out not further cultured with ami- CD 3. These results 
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found in the CD4»« but not the CDS'- groun lfi e A ^ 
In a separate experiment Cm^nal? V g " 6 ^ • 

m^oup that were LECA^c^^Scm! 

the CD4j» T o-Il/Tk l ^ No ««ode«. among 
the ^hL^L ^ ^ had 

tt^ mRNA w, observed in both CD4p- and CdSp- T 

.SfiKP dUCmWaial1 LECAM-l^ CDl|N*2l 
In Jcparatc experiment!, spleen celii from C57RT /* ^ 

,JNK11 ^ populations. The CD4p«, 
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Figw. 6. Expreuion of lympKokiii* mRNA* by TccD sublets from 
m» tntedw.!], «ui-CD3. (4) Spleen cells 6am C57BL/6 mice injected 
with U10-CD3 L5 h earlUt w«. Minced into CD4f znd CD8P- popu- 

>»^.CD44**W »a CD45RB**Wb). During the .ortL .pl^, ^u, 
««*kepc«4»C toiMure rabiKty of lymphokine mRNAv belated mRNA 

RT^S^' < S~ io ° ofn : 4 ' ^ and 0*ctin by using 
RT-PCR « dtscnW « Matetub ted Methods. At potitiv. Sow*: 
^1^°"""^ &«n CT-1 eeD» «d 60m purified Tc*L. ,*rJmd 

l ^ «P«i~5y. (B)Spl*mcdl» from CS7Biy6 mice injected 

^J^V 1 "* P"^^ *>• Sph« cell, fioa C57BL/6 (Exp. 
2)or BALB/c (Exp. J) mice were ummT mw total CD4»- and CD+p- 
NKU^ ^popuIitioM. A series of threefold diluted RNA umplc ^ 
analyzed for apranoa of IL4 and ^cti a inRNA wich RT-PCR. Where 



NK1.1P- population, being relatively infrequent, yielded 
substantially leu mRNA as judged by the RT-PCR ampli- 
neation of actio mRNA. Despite this, IL-4 mRNA in this 
population was much greater than in the CD4f- NK1 
population (Pig. 6B, exp. 1). Alth ugh this result illustrates 
that CD4P-.NK1.1P- T cell, produce substantial amounts 
of IL-4 mRNA. they do not allow a direct determination 
or the total am urns of IL-4 mRNA in the NKl.lP" and 
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portions of the CD4p°> cell population since the 
latter are much more numerous than the former. T teTt X 
magnitud of the : contribute n f CD4P-, NKUp- cells to 
the production of IL-4 mRNA by the (304*°* cell popula- 

k 7u Ubp ° PUlatl0m - d —P*^ the amours 
™nMA ^ ^quantitative RT-PCR, using actin 

-jWMu « a control. As seen in Fig. 6 B (exp. 2). CD4^ 
-5mVl jTf ^proximately ninefold less IL-4 
mR^A than do total CD4~ cell,; this conclusion was 
vmfied by quantitatxve densitometry comparison of imeoS 

Toc^jt 0 ""^ ^* P r CR pr ° duCtl ^ aot ^ 
rated fSSlV ^T^*/* ,tainin * NK1.1, we sepa- 
CcUi ioto CD4P-.NKl.l-s cells Id 
total CD4P- cells. Since BALB/c cells do not express NK11 

Indeed » no <^««nce was observed (Fir 6 B 

S^lSTtrS * im I ly th f 1 thC 511,211 P°P^on of 
CD4^NK1.1P- celh produce, the great majority of the IL- 

LtfS£ ^i 30 ^ 5 &am ™« injected with 

an 1-CD3 The data md,cate that IL-4 production in the T 

2> P r iTA S n ^, d ^ y kom CD4P-.LECAM- 
1 • CD44 bn »*t >CI )45 RB d«u iNK1 lpo , ceUj 

IL-4 Is Not Routed for IL-4 P^ucHon in Response to Ami- 
CD3 Injecaon. As noted in the beginning, IL-4 production 
myxzzo requires or is markedly enhanced by the presence of 
IL-4 dunng pruning (6. 7). Furthermore, auti-IL-4 treatment 
ot m,ce at the time of immunization or infection diminishes 
subsequent IL-4 production upon rechaUenge (9-11) To de- 
termine whether acute production of IL-4 in response to in- 
jection of anti-CD3 was similarly regulated, mice were treated 
with ana-IL-4 or with IL-4. IL-2, IFN-7, or TGF-0 begin- 
ning at 16 h before injection with anti-CD3. These mice 
showed no change in their expression of IL-4 mRNA in re- 
sponse to.mjection of anti-CD3 (Kg. 7 A). These results in- 
awate that the factors that appear to regulate priming of T 

• "rWT 6 11-4 1** 11 "** ^ not control the acute produc- 
tion of IL-4 in response to injection of anti-CD3 antibody 
thus suggesting that such cells could be a source of IL-4 for 
the regulation of priming of naive antigen-specinc T/cells. 

Although production of IL-4 mRNA is not influenced by 
the lympholtines that normally regulate priming of IL-4- 
producing T cells, in vivo anti-CD3 stimulation does depend 
upon the interaction of T cell, with cells expressing acces- 
sory ^gands since CTLA-4Ig. which blocks the interacti n 
of hgands for CD28 and CTLA-4 with these accessory 
receptors (35), substantially dirninishes the IL-4 response t 
injection of anti-CD3 (Kg. 7 B). ! 

IL-4 Production Can Be Promptly Induced by Injection ofSEB. 
Theapaaty of anti-CD3 to rapidly induce IL-4. IFN-% and 
U.-Z production in spleen cells indicates that a potential source 
tor thejrrompt production of these lyraphokines exists that 
could be of importance in the process through which naive 
Tcdls develop into IL-4 or IFN-7 producers. However, anti- 
~~~ "J™ * n «>t a physiologic stimulant and the frequency 
ot T cells that could respond to conventional antigens u prob- 
ab^ too low for the production of amounts of lymphokine 
suftaent to influence priming of naive T cells. We consid- 
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S^-L " not required for IL4 production in responae to and- 
v333 in jection but production is inhibited by CTUUIg. (A ) Mice were 
iWe ?? ^^f^y with 9 mg of anti-IW (11B4) or iscmeaously 

• L^li before injection of ana-CD3 or HBSSL (B\ Mice wore Retreated 
with CTLA-ilg (0. 25. 50. 100 Mg/mmae) or control W^rnWch^ 
meiKmAb, Cbi-U (50 pg/xnoute) intravenously 1 b before injection of 
25 ' WB * ""^ mt 1-5 b after injection of antH3)3 for 

RNA extraction and Hr4 mRNA wn measured by Northern blot analyxis. 

ered the possibility that superantigens might function like 
anti-CD3 since a response to these molecules could possibly 
make a substantial contribution to the lympholrine environ- 
ment at the time of priming. Injection of SEB into C57BL/6 
mice caused the appearance of H-4 mRNA in the spleen 
within 1.5 h (Kg. 8 A). 200 M g of SEB caused a peak re- 
sponse; IL-4 mRNA could be detected by RT-PCR in re- 
sponse to 25-50 Mg of SEB (Kg. 8 B). The amount of IL-4 
mRNA and of IL-4 protein was less than in response to anti- 
CD^ and the time course of expression was somewhat 
prolonged, since mRNA and activity could still be detected 
m cells harvested 4 h after injection. However, by 24 h after 
injection, no IL-4 mRNA or activity was observed in spleen 
cells from mice injected with SEB or anti-CD3, suggesting 
that the overall response might be quite similar. Interestingly, 
T cells from SEB-injected mice required a more prolonged 
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penod of culture to produce IL-4 than did celli from anti- 
CD3-mjected mice; more IL-4 was found in culture super- 
natant* at 24 h of culture, without further stimulant, than 
after 1 h of culture (Kg. 9). 

CD4p« T cells from mice injected with SEB were sorted 
into total CD4P- and CD4i~.NKl.l-* subpopulations. 
IL-4 mRNA was substantially diminished in the CD4P", 
NK1 A."» cells in comparison with the total CD4P" sub- 
population. Densitoraetric analysis of Southern-blotted PCR 
products indicated a threefold diminution, in comparison with 
total CD4P" cells in one experiment and a failure of CD4p«, 
NKl-l"** to produce IL-4 in a second experiment (Fig. 10)' 
These results indicate that the cells producing IL-4 in response 
to anti-CD3 and to SEB were of the same phenorype. 

Discussion 

Primed CD4p°* T cells, both in vitro and in vivo, gener- 
ally exhibit either a Thl- or Th2-like phenotype (2, 43-48). 
Recently, the mechanisms by which a particular T cell lin- 
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Ftgun 9. to vivo challenge with SEB can stimulate prompt produc- 
tion of IL4. (A) CS7BL/6 mice were challenged intrawaouthr with L33 
Mg of a»n-CD3 ot 100 Mg of SEB and spleen* were removed for RNA 
ewnenon at indicated tunes. (B) CS7BL/6 mice were injected with var- 
ious doses of SEB as indicated and taainced at 4 h after injection to pre- 
pare total spleen RNA. UA mRNA laid, went analyzed br RT-PCR with 
Southern blot analyxU. 
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***** ,0 ; CD4^,NK1.1f- T cells promptly produce IL4 in response 
to m vivo <*aUenge with SEE Spleen cells from C57BL/6 mice injected 
WKa 200 fig of SEB 4 b earlier were torted into total CD4p- and CD4f« 
NK1.W popularions. Expression of 1L4 and Q-xun mRNA w» mea- 
sured by RT-PCR with Southern Wot anaiyjk Two experiments are shown. 
In the first 1 M g of RNA prepared from each group was u*d; in the 
second, 0.33 fig of RNA was used. 
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eage is steered down the path toward these distinctive pheno- 
types have been clarified both by studies of in vitro priming 
requirements (6-8) and by examining in vivo responses to 
infectious agents and to conventional antigens (9-12). These 
studies have emphasized the importance of cytokines them- 
selves in the determination of a Iymphokinc-producing pheno- 
type. IL-4 has been shown to be critical for priming cells 
to become IL-4 producers (6, 7) and IL-12 enhances priming 
for IFN-7 production (49, 50). In addition, IL-2, IFN-% 
and TGF-/3 have been shown to have effects on the priming 
process (4.. 51-54). If we limit ourselves to the two lyra- 
phokines that have a dominant role, IL-4 and IL-12, a poten- 
tial source of one of these, IL-12, available at the time of 
priming and produced under conditions that arc appropriate 
for priming cells to become IFN-7-pToducen, has been 
identified (49, 50). That is, macrophages infected with intra- 
cellular microorganisms or even exposed to heat-killed Listeria 
monocytogenes produce substantial amounts of IL-12 (49, 55). 
Since IFN-7, produced by T cells primed in the presence of 
IL-12, enhances the capacity of macrophages to destroy intra- 
cellular pathogens, a logical link between production of the 
inducer and the effect of the product is established. 

For IL-4, the situation is more complex. First, the inducer 
and the product are the same (6. 7). Second, IL-4 is known 
to be made mainly by activated T cells and by Fc*RIp» cells, 
mainly cells with the morphology of basophils (17, 18). Nei- 
ther of these cell populations appears ideally suited to be a 
physiologic source of IL-4 that could be used in the priming 
process to drive naive cells to become IL-4 producers. For 
the activated CD4p« T cells to do so would require that the 
inducing antigen could lead to their activation. Unless the 
inducing antigen had polyclonal stimulating capacities, IL-4 
production in response to it would imply that the response 
was secondary, not primary, and would thus not solve the 
problem of how primary BL-4-dominated responses were in- 
duced. The difficulty about FceRU" cells being the principal 
source of IL-4 available at the time of priming is that the 
only established physiologic pathway through which these 
cells are stimulated to produce IL-4 is by cross-linkage offteRI 
or Fc7RIl/m (16, 17). In both cases, the cross-linkage would 
normally be dependent on antibodies of the IgE or IgG classes. 
Since the production of IgE (56), mouse IgGl (57), and human 
IgG4 (58) is IL-4 dependent, an FeR-mediated stimulation 
of lymphokine production would appear to be likely only 
after the production of IL-4 had occurred. It is, of course, 
possible that non-FcR-mediated stimulation of basophils 
and/or mast cells stimulates IL-4 production; studies addressing 
this possibility are underway. Nonetheless, these arguments 
have led us to more seriously consider the possibility that 
cell types other than basophils and mast cells might be respon- 
sible for the initial burst of IL-4 production that plays a cen- 
tral role in the priming process. 

We have confirmed the prior observations that spleen cells 
can produce large amounts of IL-4 raRNA in response to 
acute in vivo treatment with anti-CD3 (19, 20). Our studies 
reveal several quite interesting features of this response. First, 
in response to intravenous injection, IL-4 production appears 



to be mainly a property of spleen cells, although popliteal 
lymph nodes do show substantial IL-4 mRNA in response 
to f ot pad injection of anti-CD3. Even more striking is the 
fact that rapid induction of IL-4 mRNA and secretion of 
IL-4 in response to anti-CD3 is not mimicked by in vitro 
exposure f spleen cell suspensions or of spleen cell fragments 
to anti-CD3. Although this might still be explained by a 
critical rnicroenvironmental requirement for stimulation of 
T cells to produce IL-4 promptly, it is equally consistent with 
the possibility that the cell that is responsible for lymphokine 
production is not in the spleen at the time of injection of 
anu-CD3 but only migrates there after stimulation. How- 
ever, we have cultured blood cells in vitro with anti-CD3 
and did not observe prompt production of IL-4 (data not 
shown) suggesting that homing of CD4P" peripheral blood 
T cells to the spleen after activation does not explain these 
results. For the moment, the difference between in vivo and 
in vitro responses to anti-CD3 are unexplained. 

Our results implicate an unusual T cell population as the 
major producer of IL-4 in response to in vivo injection with 
anti-CD3. Thus, we observed that CD4(~ T cells were the 
major cell population that expressed IL-4 mRNA in response 
to anti-CD3. Among the CD4p« cells, it was cells that ex- 
pressed low levels of LECAM-1, high levels of CD44, and 
low levels of GD45RB that had virtually all the Outpro- 
ducing capaciry (Kg. 6 A). Although this phenotype is con- 
sistent with the IL-4-pToducing cell being a recently acti- 
vated T cell (42), the observation that the great majority of 
IL-4 was made by the relatively small number of NK1.1P* 
cells in that population, suggests that prompt IL-4 pr duc- 
tion in vivo may be mediated by a specialized cell popula- 
tion. Indeed, cells with this phenotype and related pheno- 
types have already been implicated as the major source of IL-4 
among thymocytes (21, 59, 60), Thymic migrants within the 
spleen retain substantial IL-4-producing activity in response 
to in vitro treatment with anti-CD3, but only for a few days 
(60)- It has been shown that a population of CD4p°\ 
NKl.U"" cells is present within the bone marrow (21). Al- 
though we found only modest amounts of IL-4 mRftIA in 
bone marrow cells in response to injection of anti-CD3 t it 
is possible that these cells only gain high level responsiveness 
in vivo upon redistribution to the periphery. However, we 
have not excluded the possibility that normal CD4*°» T cells 
that become primed for IL-4 production in vivo acquire the 
expression of NKL1, just as they become LECAM-1 4 " 11 
CD44?", and CD45RJ3 duU . 

The alternative possibilities (i.e. ( a specialized cell popula- 
tion or a population of recently primed cells) arc consistent 
with the observed lack of requirement of IL-4 at the time 
of stimulation for production of IL-4 in response to in vivo 
anti-CD3. Similarly, the finding that the production of IL-4 
in response to anti-CD3 is inhibited by prior treatment of 
mice with CTLA-4Ig (Kg. 7 B) while indicating an impor- 
tant requirement for a cosrimulatory signal (34), does not 
distinguish between these cwo alternatives. It has been reported 
that the CD4p°\NK1.1p~ cell population displays a skewed 
expression of TCR-0 chains, with V/38, V/J7, and Vj32 
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dominating (61). Wewintheproceaofdetmniniiigwlietlia 
_?T j -JFc™ ***** re P resented ««M>g the U.-4- producing 
cell* derived bom in vivo challenge with anti-CD3 

The possibility that the CD4f\NKJLH» cells described 
here make an important contribution to the production of 
the EL-4 that biases T cell responses to the Th2-like pathway 
would depend very greatly on the likelihood that such edit 
could be induced to produce H.-4 in response to natural im- 
munization with agents that normally induce H.-4-domi- 
nated responses. We think it unlikely that response, to con- 
ventional T ceO epitopes on these immunogens could recruit 
a sufficiently large fraction of the potential H.-4 producers 
to cause the secretion of enough H.-4 to affect a true primary 
response. However, the finding that SEB can induce a re- 
sponse rather like that mediated by anti-CD3. although of 



ower magmtude (Hg,. 8 and 9). raises the possibility that 
unmunogens that have associated supexantigeas might be able 
to stimulate a sufficient number of CD4p-.NK1.1p- so that 
thetocalconcentration fIL-4 available at the rime of priming 

^£L ^ a ^ Mt !. ***** di&Kat ^on of naive, antigen- 
»p«nc T cells to develop into H.-4 producers. This would 
predict that agents such a, nematode, and allergens would 
nave associated superantigens. 

Despite the many unresolved issues raised by these experi- 
ments, the demonstration of acell population u^hat proSv 
S ^ A in xes^se to receptor^gX 

provides an important advance in the effort to determine the 

to m^T^ amOTS thr °, U8h Which J"-"*** leads 
Th^ceL r " POnte5 * Thl -^ ccllso 
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